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PREFACE. 






Although so many books have been written upon 
Architecture and the Art of Building, calculated to 
assist the experienced practitioner, there are few, if 
any, that profess to assist the student in the acqui- 
sition of elementary knowledge. This important 
omission is supplied by this volume; and it will be 
found, we hope, a desirable assistant to every young 
man who has devoted himself to any engagement 
connected with these interesting pursuits. If the 
reader desires to become a workman, he will find, 
in these pages, facts that will aid his progress, and 
convey in a few hours the information that has been 
collected with great labour by studious men in a long, 
series of years ; if he intends to be a surveyor of 
work, he will here find the elements of his art. The 
architectural student will need both these branches 
of knowledge; but to assist him still more, we have 
added an outline of the history of his profession. 
5 To whatever branch of the art of building the reader 
^ may belong, he will find something valuable to him, 
1. 3 
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and calculated to assist his progress. But, although 
the book is mainly intended for the student, yet it 
is hoped that every workman who peruses it will 
gather some valuable information, and some practical 
hints which he may carry out in his engagements. 
To the amateur, also, the following pages may be 
useful, by explaining' the technioal terms used among 
workmen, as well as the scientific principles which 
rebate construction. 
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INTRODUCTION. 



So intimatelj is the art of building connected 
with a provision for the comforts and conveniences 
of life, that it has engaged the attention of men 
from that period when they first formed themselves 
into societies. In the early ages of the world, little 
more could have been required than a temporary 
shelter from occasional atmospheric changes^ and 
houses or huts were probably constructed in a very 
rude and imperfect manner ; but, as even communi- 
ties were not then accustomed to confine themselves 
to any locality, such residences were sufficient for 
their purposes. But, when large societies deter- 
mined to occupy a place as a constant residence, 
they surrounded themselves with all those perma- 
nent comforts which might be within their reach. 
The art of building necessarily attracted much of 
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their attention, and nations vied with one another 
in an attempt to blend stability of structure and 
elegance of appearance. These are the objects of 
builders in the present day ; but, at the same time, 
the altered state of society requires that they should 
be equally careful to secure economy in the use of 
materials, that no unnecessary expense may be in- 
curred by their waste or misapplication, or by the 
addition of unnecessary labour. 

The importance of the subject has induced men 
to acquaint themselves with the general principles 
of construction, and the application of ornament, 
and to give their attention to individual branches 
'of the science and art of building, so as to obtain 
by the combined labours of many some knowledge 
of the whole. Many expensive and useful books 
have been published both by architects and builders 
upon different subjects connected with the art and 
science of building ; but many of these books are 
not only too costly for the means of some persons 
desirous of knowledge, but would be almost useless 
if they could be obtained. A preliminary knowledge 
is required before the student can either perceive 
the importance of the information they contain, or 
the means by which it may be applied. There are, 
it is true, many introductory books, but they chiefly 
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treat of architecture and designing, and are of little 
assistance to the workman or the student. 

In preparing this manual, the author has endea- 
voured to supply the reader with such important 
elementary knowledge as shall enable him to under- 
stand the general principles of building, and fit him 
for the perusal of those works which have been 
written on the several subjects connected with the 
art. There are three classes of men engaged in the 
completion of a building — the architect, the builder, 
and the surveyor ; and each should be perfectly ac- 
quainted with the business of the others. Some 
persons have professed the three arts, a practice 
which cannot be too strongly condemned, since it is 
impossible that any man can give sufficient attention * 
to all to do either correctly or well. But at the 
same time an acquaintance with all is desirable, for 
they are so closely connected that one cannot be 
properly practised without the assistance of the 
others. 

The business of the architect is to design buQd- 
ings, to make such drawings, and so to describe 
them, as shall enable the builder to execute that 
which -he has planned. The surveyor measures the 
work when finished, and affixes appropriate prices 
according to his judgment of the manner in which 
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the workman has perfonned his task, and the diffi- 
culties whieh have attended the ezeention. An 
elementary work on building should describe the 
manner in which these persons severallj perform 
their tasks ; and we have therefore divided our book 
into three parts or sectionSi which we haye desig- 
nated the Builder, the Sunreyor, and the Architect. 



TflE 



BUILDER'S COMPANION 



THE BUILDER. 

Writers on Architecture have frequently divided the 
art into three parts^ because in the erection of a building 
three things are required, strength, convenience, and beauty. 

In order to obtain strength, good materials must be em- 
ployed, and they must be well applied. There must be a 
proper arrangement of the several portions of edifices, so 
that instead of weighing down or oppressing each other, 
they may mutually strengthen each other; and should 
faults be suspected to exist, in either the quality or dimen- 
sions of the materials used, they must be employed where 
they would be sufficient for the purpose, should the sus- 
picion be realized. The builder must also be careful that 
any stress may be met by a suitable arrangement of parts, 
and that the strength may be in a reciprocal proportion to 
the stress which is to be overcome. 

To provide convenience, the building must be suited to 
the purpose for which it is intended. The fooms, for in- 
^itance, should be of a size proportionate to the use for. 
whicii they are to be employed, or the business that is to be 
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done in them; a small house should not be encumbered 
and lessened with a large staircase^ nor a large mansion 
be rendered uncomfortable by one that is cramped in its 
dimensions. '< The hall/' as Fuller says, '' ought to lie 
open; and so ought galleries and stairs, provided the 
whole house be not spent in paths. Chambers and closets 
ought to be private and retired." Every part should be 
suited to the purpose for which it is to be used. 

The beauty of a building does not altogether depend 
upon its architectural decorations and ornaments; but 
there must be a just proportion of all its parts, the width, 
length, and height being everywhere so adjusted as to 
produce that harmony calculated to ^ve pleasure to the 
observer. Many persons err in overloading an edifice with 
ornament, while others impair the general appearance by 
neglecting altogether its enrichment. There should never 
be introduced an ornament that has the appearance of 
supporting a weight where there is evidently no weight to 
support ; and when mouldings are employed, they should 
have an agreement with the dimensions of the walls on 
which they are to be fixed, being neither heavy in small 
apartments, nor diminutive in large ones. 

The first thing to be done when a building is to be 
erected is to survey the ground on which it is to be placed, 
with a view to determine the nature of the soil, whether 
it be rocky, swampy, or composed of clay, gravel, or sand. 
When this has been determined, the foundations may be 
arranged for, and the operations required must be regu- 
lated accordingly. 

The dimensions must then be set out, as shown upon 
the plan of Uhe basement. This is best done by first 
marking out the line of the principal front, and then 
placing stumps or pins at those parts where tb-- * ' ^nd 
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intenial walls meet it. When the several angles have 
been determined^ and the line of walls marked out, the 
excavator may proceed to form the trenches which are to 
receive the footings or foundations ; and the work is then 
regularly proceeded with, according to the drawings which 
are placed in the workman's hands. And here it may be 
necessary to remark, that architects generally form their 
drawings from a scale of one-eighth of an inch to a foot; 
but this is not adopted in every case ; and therefore, to 
prevent mistake, the plans and elevations are generally 
figured. The scale of one inch to a foot is the most con- 
venient for workmen, for they have then only to apply 
their rule to the several parts of the drawing, and, calcu« 
lating every inch as a foot, it is scarcely possible for them 
to make a mistake; but it is i|ot always practicable to 
draw a plan to this scale, as it would in some instances 
eztend the drawing to an inconvenient size. 

These general remarks may be of some service to the 
beginner, as illustrating the objects to be obtained in 
building, and the manner in which the workman is to 
commence his operations. We may now proceed to make 
some more particular remarks upon the several depart- 
ments of building, the nature and composition of the ma- 
terials employed in each, and the methods by which they 
are worked. As this little volume is intended for the use 
of the student in all departments, we shall not consider 
any fact, however self-evident it may appear, too simple 
to be mentioned ; but we shall endeavour to lead him on*, 
by easy steps, from the simple to the more complex prin- 
ciples of the art, giving so much of the science as may ap- 
pear necessary to afford a reason for the process that may 
be adopted. 
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THE BRICKLAYER. 

As the art of bricklaying is generally supposed to lie so 
simple as to require little or no attention^ it will be neces- 
sary to remove this false impression by a somewhat par- 
ticular detail of the facts which relate to it. There are 
many persons, and even some workmen, who suppose that 
nothing more is required than that the bricks should be 
properly bedded, and the work level and perpendicular ; 
but the workman who would attain perfection in his 
business should acquaint himself with the different ar- 
rangements made use of in placing the bricks, so that one 
part of the work shall strengthen another, and thus pre- 
vent one portion from a greater liability to give way than 
another. It is also necessary that the workman should 
be acquainted with the several sorts of bricks, their quali- 
ties, and the uses for which they are particularly adapted. 
It appears from history that bricks have been employed 
for building from a very early period. We are informed 
by the sacred records that, very shortly after the occur- 
rence of that universal catastrophe which swept from the 
earth nearly the whole human race and remodelled its 
surface, the sons of Noah fixed their abode in a plain in 
the land of Shina or Chaldea, ^^and they said one to 
another, go to, let us make brick, and bum them thoroughly. 
And they had brick for stone, and lime had they for 
mortar." By the same authority, we are informed that 
the Jews, during their servitude to the Egyptians, were 
employed not only in making bricks, but also in building 
with them. ^* And they (the Egyptians) made their lives 
bitter with hard bondage, in mortar and in brick." — 
"And they built for Pharaoh treasure cities, Pithom and 
Raamses." Nearly all the Egyptian buildings spared by 
the devastating hand of time are constructed of stone ; 
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but there are some brick buildings still in existence, and 
Pocock mentions a pyramid constructed of unbumt brick. 
From all the evidence we can collect on the subject^ 
except that to which we have referred, it does not appear 
that tke Egyptians, or any other of the early inhabitants 
of the earth, were acquainted with the art of burning 
bricks ; but both the Greeks and Romans used them. 
Vitruvius has given a description of the kind of bricks 
used in his own day, and has offered some suggestions as 
to the choice of the material from which they ought to 
be formed. The passage is interesting, and as the works 
of this author may not be in the possession of all our 
readers, we may be permitted to quote it from Mr. Gwilt's 
translation. ^' They should be made of earth of a red or 
white chalky or a strong sandy nature. These sorts of 
earth are ductile and cohesive, and not being heavy, 
bricks made of them are more easily handled in carrying 
up the work. The proper seasons for brick-making are 
the spring and autumn, because they then dry more 
equally. Those made in the summer solstice are defec- 
tive, because the heat of the sun soon imparts to their ex- 
ternal surfaces an appearance of sufficient dryness, while 
the internal parts of them are in a very different state : 
hence, when thoroughly dry, they shrink and break those 
parts which were dry in the first instance; and thus 
broken, their strength is gone. When plastering is laid 
and set hard on bricks which are not perfectly dry, the 
bricks, which will naturally shrink, and consequently oc- 
cupy a less space than the plastering, will thus leave the 
latter to stand of itself. It is not therefore without reason 
that the inhabitants of Utica allow no bricks to be used in 
their buildings which are not at least five years old, and 
also approved by a magbtrate. 
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'' There are three sorts of bricks : the first is that which 
the Greeks call Didoron^ being the sort we use^ that is^ 
one foot long and half a foot wide. The other two sorts 
are used in Grecian buildings : one is called Pentadoron^ 
the other Tetradoron. By the word Doron^ the Greeks 
mean a palm. That sort which is five palms each way is 
called Pentadoron ; that of four palms^ Tetradoron } the 
former of these two sorts is used in public buildings, the 
latter in private. Each sort has half-bricks made to suit 
it, so that when a wall is executed; the course on one of 
the faces of the wall shows sides of whole bricks, the 
other face of half-bricks, and being worked to the line on 
each face, the bricks on each bed bend alternately over 
the course below." • 

There has been some dispute among antiquaries as to 
the time when bricks were first introduced into England. 
Dr. Lytdeton states, in the Archaeologia, that there were 
no brick buildings earlier than the fourteenth century. 
Bagford says they were introduced in the reign of Henry 
the Seventh ; but it must have been earlier than this, for 
Ewelme Palace, in Oxfordshire, erected by William de la 
Pole, and Herstmonceaux Castle, in Sussex, were both 
erected in the reign of Henry the Sixth. But we leave 
the antiquaries to determine this disputed question, and 
proceed to make a few remarks of a more practical cha- 
racter. 

Bricks. 

Brick is an artificial stone, formed of clay, moulded in 
rectangular prisms of constant dimensions, and hardened 
by burning or ^posure to the sun. All bricks made in 
England must be, according to act of Parliament, nine 
inches long, four inches and a half broad, and two and a 
half thick. 
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There are several kinds of bricks : the most important 
to be mentioned are marls, stocks, and place bricks. All 
these are formed in moulds of the same size, and differ 
only in quality, which depends upon the character of the 
clay, the care taken in tempering it, and the manner in 
which it is burnt. The best marls are called firsts, and 
are used for the heads of doors and windows ; the seconds 
are used for facing, that is, for the front of a building ; 
and for this purpose they are admirably adapted, not only 
on account of their colour, which is a yellowish whit«, 
but also for their compactness and capability of resisting 
the action of the atmosphere. Gray stocks are sometimes 
used instead of marls, but they are of inferior quality. 
Place bricks are the refuse of a burning, and are in fact 
those which have not been perfectly burnt. Clinkers are 
overbumt bricks. For paving, Dutch clinkers, so called 
because imported from Holland, are frequently used; they 
are very hard^ and have a light yellow colour. These 
bricks are six inches long, three inches broad, and are 
laid herring-bone way. 

TOes. 

There are several sorts of tiles. Paving-tiles, used for 
kitchens and dairies in farm-houses, are about nine inches 
long, four and a half broad, and one and a half thick. 
Boofing-tiles are formed in different ways, and are known 
as pan-tiles, plain-tiles, and ridge-tiles. 

Pan or Flemish tiles are fourteen inches and a half long 
and ten and a half broad. It is seldom that these tiles 
are used, even in country towns, for any other purpose 
than that of covering sheds and out-houses ; and, as they 
have no pin-holes, they are altogether unfit for a high- 
pitched roof. 
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The size of plain-tiles is regulated by law, and they 
should be ten inches and a half long, six and a quarter 
broad, and five-eighths of an inch thick. They are hung 
on the laths by oak pins, there being two holes in each 
tile. 

Ridge and hip-tiles are of a semi-cylindrical form, and 
are thirteen inches long, and sixteen inches girt on tho 
exterior surface. 

Brich-maMng, 

Bricks should be made of an earthy loam ; but the 
manufacturer is not generally very careful as to the earth 
he uses, so that it be only possible to make an article 
which he can sell or employ himself. Hence it is that 
some bricks are very brittle, because there is too large a 
quantity of sand; and others are shaky, because they 
contain too little, and crack in the drying. It is abso- 
lutely necessary for the manufacture of a good brick that 
the earth of which it is to be formed should be exposed 
to the air, and especially to the frosts of winter, at 
least during one year, that it may be pulverized, as this 
will aid the tempering ; and the more it is turned over, 
during the time of its exposure, the better will be the 
brick. 

An experiment, made by M. Gallon, fully proves the 
necessity of well-tempering the earth to be employed in 
brick-making. ^' He took a certain quantity of the earth 
prepared for the making of bricks, he let it remain for 
seven hours, then caused it to be moistened and beaten 
during the space of thirty minutes; the next morning 
the same operation was repeated, and the earth was 
beaten for thirty minutes ; in the afternoon it was beaten 
for fifteen minutes." After moulding a brick made of 
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this earth, he found that it weighed five pounds eleven 
ounces, but one made of the same earth withcvut the 
same preparation weighed five pounds seven ounces. 
When the bricks were dried and burnt, he tested their 
strength, and found that under the same circumstances 
the brick made of well-tempered clay broke with a weight 
of one hundred and thirty pounds, while the other broke 
with a weight of seventy pounds. This result clearly 
proves the necessity of well-tempering the brick earth, 
which is usually done by a mill, put into motion by 
horses. 

When the clay is prepared it is pressed into a mould, 
ten inches in length and five in breadth ; but the brick 
itself, when burnt, is not more than nine inches long 
and four and a half broad, on account of the contraction 
it suffers by exposure to heat, which drives off the water 
that is in combination with the clay. When the bricks 
are turned from the mould, which is readily done, the 
mould being strewed with sand to prevent the adhesion of 
the clay, they are placed in hacks in a diagonal position, 
so as to admit the air. Each hack is two bricks wide 
and eight bricks, on edge, high. To prevent the access of 
rain, long sheds are sometimes erected, and the hacks are 
formed under them ; but at other times they are covered 
with wheat or rye straw. The time required to dry the 
bricks must depend upon the weather; if favourable, it 
may be done in six or eight days. 

Bricks are burnt either in clamps or kilns ; the former 
are generally used, but the latter are preferable. 

Clamps are made with the bricks to be burnt. The 
foundation is made with place bricks, and of an oblong 
form. The flue is first formed, passing through the clamp, 
and about a brick wide. Between each course of brick 
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a layer of cinders or breese is placed, the bricks being 
placed diagonally about an inch apart on each side of the 
flue. When the clamp is about six feet high, a second 
flue is made similar to the other, that is to say, if the 
bricks are immediately required, if not, the flues may be 
placed about nine feet apart ; each flue being filled with 
coal, breeze, and wood, closely pressed. A layer of breeze 
is always laid at the top of the whole. The fireplaces 
are usually placed on the western side of the clamp. The 
bricks may, if required, be burnt in twenty or thirty days^ 
the time varying according to external circumstances. 
The outside of the damp is sometimes plastered with 
clay when the weather is precarious. 

Ealns are frequently used for burning bricks, but more 
commonly in the country than in the neighbourhood of 
London. They are to be preferred to clamps, as they 
require less fuel, and less time is required in the process. 
The walls of a kiln incline inward, and are usually a 
brick and a half thick. A kiln is about thirteen feet long, 
ten feet wide, and twelve feet high, and will burn about 
twenty thousand bricks at the same time. The bricks 
are laid upon an open floor, and after they have been 
thoroughly dried by a gentle fire, a pile of bricks, closed 
with wet earth, is placed before the fireplace, space being 
left to add fagots as may be required. When the arches 
have a white heat and fire appears at the top, the heat is 
slackened, and then increased, until the bricks are tho- 
roughly burnt, which is generally in about two days. 
The workmen can always determine whether the bricks 
are dried or not, by the colour of the smoke, which turns 
from a darkish to a transparent colour as soon as this 
has been accomplished; the burning has then com- 
vienced. 
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The advantages which result from a diyision of kbonr 
are well known, and they are not more evident in anj 
mechanical employment than in the mano&cture of bricks. 
In a long day, that is to say, between five in the morning 
and eight at night, a good monlder will produce five 
thousand bricks. 

There is a very judicious remark in Mr. Partington's 
BuUder^s Complete Guide, but we are at a loss to say 
whether we are indebted to him Cfr to Mr. Malcolm for 
it; we have quoted it as it staiids in the work we have 
named. '' The colour of London bricks is not red, as is 
the case with the common bricks and tiles, but of a light 
brownish yellow. This colour is more pleasing to the 
eye than that of the common red brick, and on this ac- 
count the London bricks are preferred for building 
houses. The brickmasters assign a curious reason for 
this colour. According to them, their bricks are kept as 
much as possible from the contact of the air during tho 
burning. The consequence of this is that the iron con- 
tained in them is not oxidized to so great a degree as in 
common bricks. But this mode of reasoning is far from 
exact. If air were entirely excluded, the bricks .would 
not be burnt at all; because the fire would be extinguished. 
But if enough air be admitted to bum the coal, mixed 
with the clay, (which must be the case,) that air must 
also act upon the iron, and reduce it to the state of a 
peroxide; indeed, there can be no doubt but that the 
iron in the London yellow bricks is in the state of a per- 
oxide, as well as in the red bricks ; for the peroxide of 
iron gives various colours to bodies according to circum- 
stances. With it, we find bodies tinged red, yellow, and 
brown, according to the substances with which the oxide 
is combined. We ascribe the colour of the London bricks 
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to the aahes of the coals, which, by uniting with the per- 
oxides of iron, form a kind of yellow ochre." 

A patent was some time since taken out by Mr. Shaw 
for the manufacture of bricks. This gentleman proposed 
a very ingenious arrangement, by which the clay could 
not only be pressed into the mould, without manual 
labour, but be also removed by machinery. The ma- 
chinery may be moved by any mechanical power, whether 
it be manual^ steam, or horse. 

CEMENTS. 

Having explained the manner in which bricks are made, 
and the means of distinguishing their qualities, it will be 
necessary to state the composition of the several kinds of 
cement that are used in order to bind or connect the 
several parts together ; and it may here be necessary to 
mention, that we shall not conlBne our remarks to those 
cements which may be used by the bricklayer, but shall 
also refer to those which may be commonly employed by 
the mason ; for as we must speak of the origin of the ce- 
mentitious principle, it seems desirable to explain all the 
several kinds of substances, in the composition of which 
this principle is called into action. But before we speak 
of the cements themselves, it will be necessary to refer to 
the nature of that substance, lime, which is their principal 
ingredient. 

lAme, 

Lime is easily distinguished from other substances by 
its properties. It is an earth having a white colour, and 
produces a caustic sensation upon the tongue ; is incapa- 
ble of fusion by ordinary temperatures, being one of the 
most infusible substances in nature, and is but little solu- 
ble in water, though it is more soluble in cold than in hot 
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watef . Lime is seldom, if ever, found pore in nature, 
but is generally in combination with an acid ; most fre- 
quently with carbonic acid, as in the formation of chalk, 
limestone, and marble. Lime is a very abundant ingre- 
dient in the composition of the earth's crust, and gene- 
rally makes its appearance as a carbonate, but both sul- 
phates and carbonates of lime are found to occur as con- 
stituent parts of mineral substances. To obtain pure 
lime, that is, lime separated from an acid, with which it 
is uniformly combined in nature, the mineral must be 
submitted to a red heat, which drives ofif the acid and 
leaves the lime in a state of purity; it is then called caus- 
tic or quicklime. Chalk, limestone, marble, oyster-shells, 
and other substances, are carbonates of lime; and either 
of these will, when burnt, furnish the material required 
in building ; but the two former are chiefly used for this 
purpose. 

Builders are well aware of the fact that all limestones, 
or mineral substances containing lime as an ingredient, 
do not possess the same cementitious properties. One 
stone may yield, when burnt, a lime very superior to 
another, and this difference depends upon the quantity 
and character of the adventitious substances which are 
combined with the lime. Many of these may be detected 
by the appearance of the mineral, or by very simple ex- 
periments. When the limestone has a deep brown or red 
colour, it generally contains iron, and when burnt has a 
yellowish hue ; when it does not freely effervesce with the 
application of an acid, and is sufficiently hard to scratch 
glass, it contains silez; when it effervesces slowly, and 
gives a milky appearance to the acid, it contains mag- 
nesia. The effects of these and other substances upon 
cements, have not been accurately determined. 

8 
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The cementing quality of lime seems to arise frcAn its 
chemical combination with the substances with which it is 
mixed. First of all it unites with a certain proportion of 
water, forming a hydrate of lime, which appears to have 
a chemical attraction for silica, that is to say, the sand 
with which it is mixed. After exposure to the atmosphere 
for a short time, it abstracts and applies a portion of car- 
bonic acid, which greatly increases its hardness, and on 
this account all old mortars are remarkable for their co- 
hesion and strength, frequently becoming stronger than 
the stones they unite. Sir Humphrey Davy, speaking of 
cements, says — ''The cements which act by combining 
with carbonic acid, or the common mortars, are made by 
mixing together slaked lime and sand. These mortars at 
first solidify as hydrates, and are slowly converted into 
carbonate of lime, by the action of the carbonic acid of 
the air. Mr. Tennant found that a mortar of this kind 
in three years and a quarter had regained 63 per cent, of 
the quantity of carbonic acid which constitutes the defi- 
nite proportion in carbonate of lime." But there are 
two kinds of cement used in building : that in which lime 
forms a prominent combination with water, and this is 
called a water cement; and that which combines with 
carbonic acid, which is called a mortar. This distinction 
is a very important one ; one kind has the property of 
setting under water, the other has not. 

Sand. 

Sand is a very important ingredient in cements, and 
too much pains cannot be taken to obtain it pure. Biver 
sand should be always preferred to pit sand, for it is less 
likely to be mixed with clayey or other substances, which 
greatly injxire the indurating property of the cement 
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But wherever the sand may be obtained^ it should be 
well washed; and this is especially necessary if taken from 
the ^SL ; for the salt with which it is combined, having 
strong hygrometric properties, would prevent the cement 
from drying. This effect we remember to have frequently 
observed in a little seaport town, where beach-sand had 
been used by the builders without sufficient washing. 

Mortar, 

Mortar is made of lime and sand, thoroughly mixed 
together, and brought into the consistency of a paste, by 
the addition of wa&r. Different proportions of these sub- 
stances are used by builders; and this must necessarily 
be the case, for a larger or smaller quantity of sand must 
be added in proportion to the quality of the lime. A good 
lime will take more sand than a bad one, and the value 
of the cement may, in a great measure, be judged of by 
the quantity of sand it contains. Builders are accus- 
tomed, for instance, to use more sand with stone-lime than 
with chalk-lime ; not that there is in general much dif- 
ference between the two, when first burnt, but because 
the quality of the chalk-lime is speedily injured by a very 
rapid absorption of carbonic acid. With one hundred 
and fifty pecks, that is, thirty-seven and a half striked 
bushels of chalk-lime, the workman mixes two loads of 
sand, each load consisting of thirty striked bushels ; but 
twenty bushels of stone-lime will frequently bear two 
loads and a half of sand. It is estimated that the mortar 
produced by either of these proportions will do a rod of 
brickwork, that is, two hundred and seventy-two and a 
quarter square feet, superficial measure, a brick and a 
half thick, that is, about fourteen inches. According to 
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the experiments of Dr. Higgins, a proportion of one peck 
of lime to seven c^ sand makes the best mortar. 

When mortar is to be used in a situation where it will 
Irj quickly, it should be made with as little water as pos- 
ible; but it is better that the mortar should dry gradually 
and slowlyi as it then becomes more indurated. It is 
stated by some writers that mortiM^.is injured by keeping, 
and under one condition, exposure to the air, it is; but if 
excluded from the air, it is rather benefited than injured. 
Pliny states that the Roman builders were prohibited by 
law from using a mortar that was less than three years 
old; and attributes the stability of all their large buildings 
to this circumstance. But when old mortar is used, it 
should be well beaten up before it is employed. The 
reader must not, however, sappose that these remarks 
justify the exposure of mortar to the air for a consider- 
able time before it is used, a practice very common, but 
highly improper. The practice probably arose from the 
difficulty which workmen sometimes find in slaking the 
lime, in consequence of its being insufficiently burnt, or 
containing a large portion of argillaceous matter. But of 
all other things, it is important to use good lime, and to 
soak the bricks which are to be bedded, before they are 
laid ; for, if the bricks are dry, they imbibe the moisture 
of the cement, and destroy its quality. There are two 
things which cause mortar and cements generally to 
crack — too small a quantity of sand and a too rapid ex- 
halation of the water. There must always be a contrac 
tion ; but it is least in those mortars which contain the 
greatest proportion of sand ; for it is the moistened lime 
which contracts during the process of drying. All mor- 
tars may, for a time, be affected by atmospheric changes, 
and especially by alternate wetting and freezing; but this 
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is most remarkable in those which are liable to crack. 
A mortar which sets without cracking will always stand 
afterward. 

Dr. Higgins, to whom we are much indebted for his 
experiments upon cements, invented one which he speaks 
of as admirably adapted for both internal and external 
work ; and becomes as hard as Portland stone when dry. 
'^Take/' he says, '^ fifty-six pounds of coarse sand and 
forty-two pounds of fine sand; mix them on a large plank 
of hard wood, placed horizontally ; then spread the sand 
so that it may stand at the height of six inches, with a 
flat surface, on the plank; wet it with the cementing 
liquor; to the wetted sand add fourteen pounds of the 
purified lime, in several successive portions, mixing and 
beating them together; then add fourteen pounds of the 
bone-ash in successive portions, mixing and beating all 
together." Whatever may be the quality of this cement, 
it is not likely ever to come into general use, as it would 
be more expensive, and give more trouble in preparation, 
than many others which are now found to answer the 
builder's purpose. This, however, was proposed as a 
water-cement. Mortar is evidently unfit to be used in 
any situation where the force of water is to be resisted ; 
for although it is said that mortar composed of lime and 
sand, in the proportion of one and seven, will not suffer 
from water, yet, as this composition is seldom, if ever, 
obtained, it would be folly to risk the security of a build- 
ing by its use. 

The insufficiency of mortar for all those works, the 
whole or part of which are under the water, induced the 
scientific builder and chemists, to seek a substitute. 
Many compositions have been recommended, and several 
of them have been found to answer the purpose. There 
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is one sabstance, however — ^Roman cement — which, abore 
all others, is extremely nsefdl for a number of purposes, 
and will require our attention; and if our remarks should 
occupy a space which may appear to have no proportion 
to the length of the other parts of the Yolume, the im- 
portance of the subject will be a sufficient excuse. 

Raman Cement. 

Boman cement was accidentally disooyered in the year 
1796, by Mr. Parker, whose attention was attracted, when 
walking beneath the cliffs of blue clay, on the shores 
of the island of Sheppy, by the uniform appearance of 
the masses of stone which were strewn here and there 
upon the beach, and were seen projecting from the cliffs. 
As a mere matter of curiosity, he collected two or three 
fragments, and happened afterward to throw one of 
these pieces into the fire. After it had been exposed for 
some time to the fire, it fell upon the hearth, and was 
there found by Mr. Parker, who was induced to make 
some experiments upon its cohesiye properties, which led 
him to the discoveiy of its value as a strong and durable 
cement. He then immediately applied to the govem- 
nient of the day for a patent, which was granted to him 
for fourteen years; and, having secured to himself the 
right of manufacture, realized an ample fortune. 

So great has been the recent demand for cement stone, 
that its quantity has been much diminished, and other 
substances have been substituted, to so great an extent 
that the cement now used is much inferior to that ori- 
ginally manufactured by Mr. Parker. So small is the 
quantity obtained on the Sheppy coast that the manu- 
facturer is scarcely repaid for the cost of a search. The 
natural physical causes which are constantly active have 
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a tendency to increase the quantity npon the beach which 
surrounds this interesting island ; but all natural agents 
act in a slow and progressive manner, so as to afford a 
very inadequate supply for the demand which is now 
made for this material. The masses once abundantly 
strewed over the shores of the Island of Sheppy havo 
been long since removed by the cement manufaoturerS| 
and the supply which is now obtained from this spot de- 
pends upon the quantity of the cliff that may be thrown 
down by the undermining influence of land springs, or 
by other causes. At the base of the clifis which sur- 
round this island may be seen, here and there, extensive 
land-springs, which weaken the foundation of the clay, 
and frequently cause masses of large extent to fall 
upon the beach. This cause is aided by the storms 
which, during the winter season, frequently blow upon its 
shore, and, either by the force of the waves or by the 
subsequent drying of the saturated mass of clay, weakens 
its cohesion, and produces the same effect. The falling 
of the cliffs, produced by these and other means, fur- 
nishes a small quantity of cement stone, but a quantity 
altogether inadequate for the supply of the demand. But 
as far as observation extends, it appears that these 
nodular stones are found in all the deposites of London or 
blue clay. This stratum is found in Harwich and other 
places, as well as at Sheppy; and the attention of the 
manufacturer was consequently directed to them for 
a supply of the material. But it has been stated, 
and experiment seems to justify the assertion, that the 
Sheppy stone yields a much better cement than that 
which is obtained from other places. The cause cannot 
be readily determined; but so great a value is placed 
upon the former, that some persons have actually ex- 
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cavated for the purpose of obtaining it. But the princi- 
pal part of that now used by manufacturers is obtained 
from Harwich ; and not less than from thirty to forty 
tons weight are annually collected in this place. The 
engineer and architect still prefer the Sheppy cement| 
which has a much lighter colour than that made from the 
Harwich stone, but is far more ezpensiye. The manu- 
facturer, however, now so frequently intermixes other 
ingredients with the Harwich cement, to giro it the same 
appearance as the Sheppy, that it is almost impossible to 
determine the quality by^the colour. Limestones found 
in other places have been substituted for the Sheppy 
nodules ; all of which, excepting that which is found in 
small quantities in the marshes of Essex, near Steeple, 
are much inferior to it. 

The manufacture of cement is extremely simple, al- 
though some experience is necessary, as the character of 
the cement will depend as much upon the manner in 
which it is made as upon the property of the stone. After 
the stone has been broken into small pieces, it is thrown 
into a kiln, with a proportion of small coal, to be burnt. 
A strong red heat must now be supported throughout, 
and considerable skill, or rather experience, is required 
to accomplish this purpose, for the relative degrees of 
hardness in the several pieces, and other causes, tend to 
give them an unequal temperature and to prevent perfect 
calcination. After the stone has remained from thirty to 
forty hours in the kiln, in which time it is usually per- 
fectly burnt, it is taken to the mill, and being immedi- 
ately ground to powder, is packed in casks and sent into 
the market. Promptness in all the processes which 
follow burning is absolutely necessary, for the contact of 
the air impairs the adhesive power of the cement. Hence 
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it is that builders who study the character of their ma- 
terials invariably prefer the cement which is made in 
large manufactories; a ready sale generally securing 
them from the use of an old cement. Good cement per- 
fectly burnt has a light-brown colour, and has yery little 
weight ; but if imperfectly burnt, it is heavy and has a 
dark colour; when the stone is burnt over-much, small 
black carbonized particles may be observed. It may be 
necessary to state that the cement should always be re- 
duced to as fine a powder as possible ; and to accomplish 
this an attempt was made some time since to sift it, 
but its exposure to the air was found to injure its pro- 
perties as a cement. As a test to the value of a cement, 
the experimenter may mix with it a quantity equal to 
two-thirds of clean, well-washed, and dried sand, and 
should it then have a strong cohesive power, he may de- 
pend upon its qualities ; but as soon as the two ingredi- 
ents are mixed and moistened, the cement should be used, 
or it will either fail to set or to possess an adequate ad- 
hesive power. These suggestions, if carried out, will be 
found of great importance in the art of building, and 
particularly in those instances where great stability is re- 
quired. The builder frequently attributes to the cement 
that which depends upon his own injudicious use or ex- 
posure of the material; and even bad cement may be 
made tolerably effective for ordinary purposes, if it be 
little exposed to the atmosphere, and be used immediately 
after its mixture. 

Koman cement should never be used in any situation 
where there is the slightest chance of warping or spring, 
for as it does not possess any elastic force, it is sure to 
break away. For covering walls, when used as a stucco, 
it is well suited ; but the bricks should be dampeu pre- 
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vious to its application, or they will absorb its moisture 
and give it a porous structure. But stucco will not bind 
upon a bed of stucco, and it is therefore necessary that it 
should be applied in one coat ; for, as good cement will 
set in about twenty minutes, a second bed cannot be ap- 
plied at any subsequent period without endangering the 
stability of the work, for one coat is almost sure to sepa- 
rate itom the other. 

To ascertain the relative value of any number of ce- 
ments, mix them with certain proportions of sand, and 
that which is the hardest with the largest proportion is 
the best. As a collateral proof, the specimens may be 
kept for a few days, and it will be found that the quantity 
of bloom formed upon their surfaces will have some rela- 
tion to their qualities. Good cement will always be 
raised to a great temperature when mixed, and those 
which are not may be considered worthless. There are 
some cements that harden very quickly, and yet are of 
very bad quality, and will in the course of a few hours 
become quite soft. These facts are well worthy the at- 
tention of the workman or the builder, for they will not 
only enable him to ascertain which is a good and which a 
bad material, but also to use the material he may choose 
in the most advantageous manner. 

Chemists and others who have investigated the proper- 
ties of hydraulic limes are not by any means agreed as to 
the cause of the cementitious quality. Saussure was of 
opinion that their peculiar properties were derived from 
the presence of silex and alumina in certain proportions ; 
Descotils attributes them to the presence of a large pro- 
portion of silex, and Bergman and Guyton to a small pro- 
portion of manganese. 

The Roman is the most valuable of all water-cements, 
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as well for the ease with which it may be tuied as its 
hardness and durability. As it sets in about fifteen 
minutes, the workmen cannot mix more than a small 
quantity at once. Experience will soon teach how much 
can be worked in a certain time. An appropriate quantity 
must be taken upon a clean board, and something more 
than an equal quantity of very clean and dry river sand. 
When the lime and sand are thoroughly mixed, as much 
clean water as is necessary to • f)rm them into a paste 
should be added. The workmen should then immedi- 
ately use it; and after it has been once applied, it should 
not be in any way disturbed. Forty bushels of cement, 
with its appropriate quantity of sand, will do a rod of 
brick-work. Good cement will take two parts of sand, 
and that cannot be called good which will not take one 
and a half. 

When cement is used for coating or lining walls, it 
must have as much sand as possible, so as not to be too 
stiff to work. It must also be always worked in one coat, 
and the surfaces to which it is applied should be clean 
and well wetted. Cement when thus used is called stucco, 
and should be laid on three-quarters of an inch in thick- 
ness. A bushel of cement, with its proper proportion of 
sand, will cover a surface of two square yards. 

Cement is also used for casting ornaments, for which 
purpose it answers exceedingly well. Gothic work is 
sometimes finished in this way ; but, although it may be 
desirable in some instances, it is generally better to use 
stone where ver/ ornamented work is to be introduced. 

There are several other kinds* of cement which are 
occasionally employed by the bricklayer, but they are not 
of sufficient importance to be treated of in a work which 
can only give some of the most prominent facts in the art 
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of bailding. Bat it may be aaked. What was used before 
Parker's cement was discovered ? This question leads us 
to make a few remarks upon two cements 'which were 
once extensively used in this country^ Puuolana and 
Tarras, but are now scarcely ever employed. 

Puzzolana. 

Puziolana is a volcanic substance^ consistingi accord- 
ing to Bergman's analysis, of from fifty-five to sixty per 
cent of silica, from nineteen to twenty of aluminai five of 
lime, and twenty of iron. The Romans were accustomed 
to mix this substance with lime in the manufiftcture of 
water-cements, and the same method was a long time 
adopted in England. The hardening of the mortar ia 
supposed to arise frt)m the union of the oxygen of the 
water with the iron. 

Tarras. 

Tarras or Tras is a substance found at Andemach, in 
the department of the Rhine, and, according to Bergmani 
differs but little from Puzzolana in composition. Tarras 
mortar is well suited for all those situations in which it is 
constantly exposed to water; but it cannot resist the action 
of alternate wet and dry, and indeed is never so firm when 
it sets in exposure to air as under the water. The princi- 
pal objection to the use of this mortar was its expense, and 
consequently the Dutch attempted to supply its place by 
the union of substances found in their own country, and 
succeeded so well that a large quantity was imported Into 
this country, and extensively used. There are two pro- 
portions which have been adopted as the best for the 
tarras mortar: in one kind, a measure of quicklime is 
mixed with a measure of tarras, and being thoroughly 
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mixed are brought into the consistence of paste by the 
addition of water, as little water being used as possible ; 
in the other, one measure of tarras is mixed with two 
measures of slaked lime and three of sand — ^this is almost 
as good a cement and much cheaper than the former. 

THE METHODS OF LATINO BRICKS. 

The strength of walls and piers of brickwork depends 
as much on^e manner in which the courses are placed 
as on the quality of the materials employed in construc- 
tion : for, however good the bricks, may be, if they are 
-not so placed as to strengthen one another, and mutually 
confine each other to their several situations, the work 
cannot have the requisite stability. If the perpendicular 
joints in the several courses are too nearly over each 
other, the work is liable to crack in a vertical direction, 
and if the bricks forming the outer and inward face of the 
wall do not bind together, the work will bulge, and the 
wall must at last fall to pieces by its own weight. It is 
therefore important for us to determine the best method 
of laying bricks, and we shall endeavour to describe the 
means adopted by builders to prevent the separation of 
the work and give a solid bearing to every part. 

Those bricks which are so placed that their length is 
in the direction of the wall, are called stretchers; and 
those which are placed with their length across the wall, 
are called headers. 

The two principal methods of bricklaying are severally 
called English and Flemish bond. English bond is gene- 
rally preferred by builders, as being decidedly the strong- 
est, though it has not so neat and regular an appearance 
as Flemish. English bond consists of alternate courses 
of headers and stretchers ; thus, one course is formed with 

4 
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Leaden, that in^ with bricks eroaang the wall; the next 
with stretoheny that is, with bricka having their length 
in the same direction aa that of the wall : the headcra 
aerve to bind the wall together in a longitudinal direction, 
and the stretchers prevent the wall from separating orosa- 
wise. 

FlcmiBh bond consists in placing a header and a stretcher 
alternately through every course. This method of brick- 
laying is very much adopted, on account of- the regular 
appearance it gives to the face of the work, but in order 
to have this result, a header must always be placed over 
the middle of the stretcher below it. The Flemish bond, 
though inferior in many respects to the English, is very 
generally used, and an inferior brick is placed in the inte- 
rior of the wall, and those which form the fauoe are picked 
or chosen, that the work may have a uniform colour. The 
greatest fault in this method of bricklaying is that, by 
making a putty joint on the face, the interior bricks do 
not range level with the exterior ones, and this prevents 
the builder from connecting his work by headers extend- 
ing through the whole thickness of the wall. 
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THE CARPENTER. 

A OABPENTEB 18 a workman who executes that combina* 
tion of timbers which may be considered, in connection 
with the bricklayer's work, as the frame or skeleton of a 
building. There is, however, this difference between the 
objects of the one and of the other ; the bricklayer has 
only to consider the downward pressure or force of gravity, 
and the forces which may be exerted, tending to destroy 
the perpendicular; the carpenter must also study the 
relative disposition of parts, so as to alleviate as much as 
possible the strains which may be exerted upon the 
building. * 

Carpenter's work is distinguished from that of the 
joiner's ; for while the one has regard to the substantial 
parts of an edifice, those which give solidity and strength, 
such as the construction of roofs, floors, and partitions, 
the other consists in providing for the ornamental and 
convenient. A carpenter should be well acquainted with 
the strength and character of the materials he uses, and 
especially as he employs them in great masses. He should 
also be careful not to overload a building, or to employ 
larger timbers than are absolutely necessary ; for, if there 
were no danger in so doing, economy would dictate the 
necessity of this care. It is, then, important that the car- 
penter should be able to ascertain the dimensions required 
for the several parts of a building, so as to produce a 
maximum of strength, without overloading the walls or 
his own work, and at the same time to avoid the dangei 
which must result from a scantiness of material. There 
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are then two things to be oonsidered; the Btrengtli of the 
materials, and the stress to which they are subject in cer- 
tain situations. A timber, or framing, may be strained in 
various ways, but of these we shall speak presently } our 
first object is to describe the materials themselves, refer- 
ring particularly to those woods which are most com- 
monly used. 

Oak. 

There are many species of oak, but that known among 
botanists as the Quercus robur is most esteemed. It 
may, however, be necessary to remark in relation to thisy 
as well as all other kinds of timber trees, that the charac- 
ter of the wood must greatly depend upon the soil in 
which it grew, and the degree of attention it received from 
the cultivator. « The oak of Sussex is most esteemed by 
builders, but whether the preference is dictated by expe- 
rience or prejudice we are unable to state : we are not 
acquainted with any series of experiments that warrants 
the choice, and it is not fit that practice should be regu- 
lated by unproved statements. 

A Norway oak, called clapiboard, is frequently brought 
to London; and also one that is grown in Germany, 
ealled Dutch wainscot, being imported from Holland, to 
which country it is brought in floats down the Ehine. 
Both these woods have been extensively used in this 
country, and it is probable that the wainscot will be still 
employed for many purposes, for, though it is softer and 
the grain more open than the English oak, it is also less 
liable to warp. 

Oak is the most durable of all woods, and surpasses 
them in strength and stability. Yitruvius says that it 
has an eternal duration ; and when we see the beautiful 
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specimens which have remained onioached by time, in oar 
oldest buildings, though all other materials are crumbling 
around them, *we feel an inclination to assent to his 
opinion. It is, however, only the olose-gnuned varieties 
that deserve this character ; and it is no small addition to 
the professional skill of the architects of past ages that, 
by the choice of the best materials, they gave a perpetuity 
to their works, which few, if any, of the present day can 
rationally expect. 

Oak may be used in all those places where strength is 
required, and its flexibility does not present an objection. 
For sleepers, wall-plates, ties, king-posts, and other such 
purposes, it should be used more frequently than it is. 
But its chief application is for ship-timber, and some 
thousand loads are annually used in our dockyards. This 
remark suggests the propriety of using it in all those 
places which are much exposed to the variation of weather. 

Fir. 

There are many species of fir, all of which are more or 
less used in building ; but there are three sorts in parti- 
cular that require our attention, being more used than any 
others : these are the Pinus sylvestris, or yellow fir ; the 
Pinus abies, or spruce fir ; and the Pinus resinosus, or 
pitch pine. 

The red or yellow fir is a native of Scotland and the 
northern countries of Europe. This tree is more abun- 
dant than all others in the boundless forests of Norway 
and Sweden. It grows to an immense height, very 
straight, and with few branches. The fir timber of Nor- 
way is brought into this country under the name of masts 
and spars ; those which are eighteen inches or more in 
diameter are called masts, and are frequently eighty feet 

4« 
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in length ; others are called spars. In several parts of 
Scotland the yellow fir is grown, and attains a great 
height. 

The yellow fir or deal is much used in building, and is 
a very durable wood ; according to some authors, as much 
so as oak } but whether thb be the case or not, it has 
many qualities which render it 'exceedingly useful to both 
the carpenter and joiner. It b light and easily worked, 
yet stiff, and capable of bearing great weights. It is com- 
monly employed for framing, girders, joists, and rafters ; 
for joiner's work also it is almost universally used. 

White fir is also a native of the north of Europe ; and 
is especially abundant in Norway and Denmark, and is 
sometimes called the Norway spruce. The larger quan- 
tity of that which is brought into this country is imported 
from Christiana in deals and planks. Deals are formed 
by cutting the fir-tree into thicknesses <€ generally about 
three inches, the width being about nine. As fir is ex- 
ceedingly liable to shrink, it is very necessary that it 
should be well seasoned, and this is especially the case with 
white fir, which should never be used in those places 
which are exposed to atmospheric changes. We are 
informed by travellers, that the tree is first cut into three 
lengths of about twelve feet long, each of wJiich are 
divided into three deals. . 

The pitch pine, which is a native of Canada, is some- 
times employed by the carpenter, but not so frequently 
as those kinds we have already mentioned. This wood is 
much heavier than either of those we have already de- 
scribed, but it is less durable. Its name has been derived 
from the circumstance of its containing a large quantity 
of resin, which makes it very unfit for building purposes^ 
and very difficult to work. 
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Larch, . 

THere are three species of laroh : one is a native of 
iiermany and the neighhouring countries, the other two 
are Americans. .The European species (Pinus lariz) some- 
times grows to a great height^ and contains a large quan- 
tity of timber; one which was cut at Blair AthoU in 1817 
is said to have contained 252 cubic feet of timber; thiS; 
however, was a tree of remarkable size. 

Mr. Tredgold, in his Elementary Principles of Car- 
pentryy has made some appropriate remarks upon the 
character of this wood. '< It is extremely durable in all 
situations, failing only where any other kind would fail : 
for this valuable property it has been celebrated from the 
time of Yitmvius, who regrets that it could not be easily 
transported to Rome, where such a wood would have been 
so valuable. It appears, however, that this was sometimes 
done^ for we are told that Tiberius caused the Naumachia- 
rian bridge, constructed by Augustus, and afterwards 
burnt, to be rebuilt of larch planks, procured from Rhoe- 
tia. Among these was a trunk 120 feet in length, which 
excited the admiration of all Rome. The celebrated Sea- 
mozzi also extols the larch for every purpose of building, 
and it has not been found less valuable when grown in 
proper soils and situations in Britain. . In posts, and 
other situations where it is exposed to damp and the wea- 
ther, it is found to be very durable. In countries where 
larch abounds, it is often used to cover buildings, which, 
when first done, are the natural colour of the wood, but in 
two or three years they become covered with resin, and 
as black as charcoal ; the resin forms a kind of impene- 
trable varnish, which effectually resists the weather 
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Larch is not attacked by common wonnS; and does not 
inflame readily." 

The larch is useful for every purpose of building, whe- 
ther external or internal ; it makes excellent ship-timber, 
masts, boats, posts, rails, and furniture. It is peculiarly 
adapted for flooring-boards in situations where there is 
much wear, and for staircases ; in the latter, its fine co- 
lour, when rubbed with oil, is much preferable to that of 
the black oaken staircases to be seen in some old man- 
sions. That we may not give an erroneous estimate of 
the value of the larch as applicable to building purposes, 
it is necessary to state that it is worked with more diffi- 
culty than fir, and is even more liable to warp, unless it 
be perfectly seasoned. 

Beech. 

The beech (Fagus sylvatica) is not much used in build- 
ing, on account of the very rapid decay it undergoes when- 
ever it is affected by dampness. It grows in our own, as 
well as in most European countries ; but it prefers a dry 
soil, and in England flourishes most in chalk districts. 
There are two kinds of beech-wood ; one is called the 
brown or black beech, the other the white ) it is, how- 
ever, generally supposed that the difference is due to the 
character of the soil, and not to any specific distinction. 
Beech is a hard, fine-grained wood, and has been much 
used for the commoner kinds of household furniture. It 
may appear singular that it should be well adapted for 
piles, provided it is constantly immersed in water ; but 
damp destroys it very rapidly. Nor is this the only ob- 
jection to its being used in building ) for even the best, 
which is the white, is soon injured by worms, whether in 
ft dry or damp situation. 
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Ash* 

There are seyeral species of ash, but the one which is 
most common in Europe, called by botanists the Fraxinos 
excelsior, is the most valuable. The tree sometimes grows 
to an immense size ; but its mean diameter is said not to 
exceed twenty-three inches. The texture of the wood is 
alternately compact and porous, and presents a veined ap- 
pearance, the veins being darker than those of the oak. 
On account of its great flexibility, and want of durability^ 
it is not ever applied for framing or for timbers. From 
the experiments which have been made, it appears that it 
is tougher and stronger than oak ; and, were it not for its 
great flexibility, might be, in many instances, advantage- 
ously employed by the carpenter. It is not, however, 
without a use in the arts, being exceedingly well adapted 
for many parts of machines and carriages. 

Five species of elm are found in this country ; but the 
wych elm, (Ulmus campestris,) and the smooth-barked 
elm, (Ulmus glabra,) are most valuable. Elm decays ra- 
pidly when exposed to variations of the weather ; but is 
durable when kept constantly dry, or constantly under 
water. The piles upon w]iich Old London Bridge was 
erected were elm, and their soundness after an exposure 
to water for some centuries, proves the truth of one of 
these statements. It is a porous and generally coarse, 
cross-grained wood ; and, on this account, should never be 
used in any piece of framing where a strain is to be sup- 
ported. But, in addition to this, it is liable to shrink both 
in breadth and length, though it is not readily split. It 
is by no means an important wood to the builder ; but a 
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large quantity is used ia this country. For many hy- 
draulic works it is very useful ; some parts of ships are 
constructed of it ; and it is generally employed for coffins^ 
piles, and wet planks. The wood of the wyoh elm is pre- 
ferred to all others. 

Chestnut 

The chestnut (Fagus castanea) is one of the most long 
lived of all European trees. It is a native of many parts 
of Europe, and was at one time very common in England, 
yielding the principal timber at the time. The roof of 
King's College, Cambridge, is made of chestnut^ which is 
one instance of its durability in a dry state. It is also 
well adapted for water-pipes, casks, and other vessels in- 
tended to hold fluids. When thoroughly seasoned, it will 
neither shrink nor swell, and may be applied for all those 
purposes for which oak is used, and in some instances is 
more useful. The wood is hard, and, when young, tough 
and flexible. It is not always easy to distinguish between 
oak and chestnut, for they much resemble each other in 
colour and in grain ; but they may be known, says Sir 
Humphrey Davy, "by this circumstance, that the pores 
in the alburnum of the oak are much larger and more 
thickly set, and are easily distinguished ; while the pores 
in the chestnut require glasses, to be seen distinctly." 
The wood of old trees is generally brittle, and should 
never be used in those situations where it will be subject 
to a considerable strain. It has also been stated, that 
when chestnut is shut out from the access of the air, it 
quickly decays. It is much to be regretted that the cul- 
ture of this tree, at once ornamental and useful, should be 
so much neglected in England. In some instances, it has 
been known to live from eight hundred to a thousand 
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yean ; and its fiill*aDd beautiful foliage might induoe the 
land proprietor to propagate it, eren if he should be on 
influenced bj its usefulness in the art of building. 

Walnut. 

The common walnut (Inglans regia) is a native of 
Persia ; but was once cultivated in this country as much 
for its wood. as its fruit. It is a grayish-brown wood, with 
a fine grain } but, if it were not scarce, and could be ob- 
tained by the builder for the same money as the woods 
now employed by him, it would be very unfit, on account 
of its flexibility and aptness to split, for all those situa- 
tions where a weight is to be sustained ; though it was 
sometimes used for this purpose in former times. It is 
now chiefly used for gun-stocks, handles to steel instru- 
ments, and for furniture. It is less liable to be attacked 
by worms than perhaps any other wood, excepting cedar. 
For some building purposes, particularly for some joiner's 
work, it might be advantageously employed, could the 
supply be sufGicient. 

Mdhogcmy, 

This wood is the produce of a tree called the Swietenia 
mahogoni. It is much used by cabinet-makers, and fre- 
quently by joiners for doors, hand-rails, tops of counters, 
and other ornamental work. The tree is a native of the 
West India Isles and of the Bay of Honduras, in America. 
On account of its costliness, it cannot be extensively used 
in this country by the carpenter, though its qualities are 
such as would make it otherwise desirable. The Spanish 
mahogany, or that which grows in the West Indies, is 
most esteemed, and is imported in lengths of about ten 
feet^ and from twenty to twenty-six inches square. 
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Teak Wood. 

Teak wood, or Indian oak^ is obtained from the Coro- 
mandel coast It is a light and durable wood, easily 
worked, and equal if not superior to oak in strength and 
stiffness. It is chiefly used for ship-building ; a purpose 
for which it is well adapted; being of an oilj nature, and 
yielding good tar. 

Poplar. 

Several kinds of Poplar grow in England, but none of 
them are frequently employed by builders. The wood 
has a beautiful clean grain ; it is light, though not very 
strong ; is easily worked ; and may be sometimes used for 
flooring in those situations where there cannot be much 
wear. 



The woods we have described are the most important 
of those used by the carpenter and joiner. To distinguish 
the one from the other, the reader must accustom himself 
to examine specimens carefully ; for it is impossible, by 
any description, to give him a capability of doing so. Our 
object has been to relate the characters and properties of 
the several kinds of timber, as deduced from the experi- 
ments which have been made by practical and scientific 
men. There is one thing, we think, that will particularly 
strike the reader's attention, and should be constantly 
borne in mind : the same wood is not equally useful in 
different circumstances; and when we discover that it pos- 
sesses durability in one situation, it by no means follows 
that it will have the same property in another. A wood 
xnay be admirably suited for floors, but it may be altogether 
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unsaited for fimben, aad i2! ssndoBi wiiere great 
wdghtB are to be 



VWCAY or W<!0rjO, 



AJhuaaa his been fie q oendj made m tbe pfeeeding ro^ 
maiks to the foetytliatwoodiSyiukdemK cireamsUaeeSy 
BQfleeptiUe of deeaj. Soaie woods deeaj miieb more ra- 
|ddly than n^hen} but tbej will all, m §ame ntuatiooBy 
loee their fibrous lextne, and, witb it, t&dr properties. 
But all cireomstaneas are not equal! jftroiaaUe to decaj; 
for it will be evident tbat tliere most be eome anangement 
of causes to produee this effect. To aseeitain the eauscs 
which act upon woods, and effect their destmedon, is an 
important object both to the builder and to the pablic ; 
for, until this has beoi done, we cannot ever expect to as- 
certain anj general principle that maj guide us in oar 
endeaTOur to avoid those circumstances which haTC a tend- 
ency to encourage the destructioQ, or to propose a remedy 
for the evil. The ravages which are constantly made upon 
all our works of ar(^ give a character of insecurity to our 
labours } for the things which men acccomplish with great 
perseverance and difficulty, in a length of time, are, in a 
few years, destroyed by invisible agents. In studying the 
decay of wood, there are three things that demand our at- 
tention : the causes, the circumstances under which those 
causes are most active, and the means by which they may 
be destroyed, or their effects in some degree neutralized. 

CAUSES OF THE DECAY OF TIMBER. 

All vegetable as well as animal substances when de* 
prived of life are subject to decay. From a very early 
period attempts have been made to prevent this duuum" 
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position ; and in some degree these attempts have been suc- 
cessful, more especially with animal bodies. The Egyp- 
tians were acquainted with so perfect a means of embalm- 
ing animal substances, that the bodies of men and animals 
prepared by its earliest inhabitants have combatted for cen- 
tunes the influence of time, and have been found in a per- 
fect state by our contemporaries. This being effected, it 
is reasonable to hope that some means may yet be pro- 
vided that shall arrest the destruction of vegetable sub- 
stances. It is not to be expected that it will ever be pos- 
sible to give perpetuity to a particular form of substance, 
but it is possible to remove in part the cause, and thus to 
give a lengthened continuance to one particular constitu- 
tion of elementary principles. 

If the trunk or branch of a tree be cut horizontally it 
will be seen that it consists of a series of concentric layers, 
differing from each other in colour and tenacity. In dis- 
tinct genera or species of trees these layers present very 
different appearances, but in all cases the outer rings are 
more porous and softer than the interior. Wood is essen- 
tially made up of vessels and cells, and the only solid 
parts are those coats which form them. These vessels 
carry the sap which circulates through the tree, gives life 
and energy to its existence, and is the cause of the 
formation of leaves, flowers, and fruit. But when the 
tree is dead, and the sap is still in the wood, it becomes 
the cause of vegetable decomposition by the process of 
fermentation. Fourcroy, the celebrated chemist, says 
there are five distinct species of vegetable ferment- 
ation — the saccharine, the colouring, the vinous, the 
acetous, and the putrefactive. We are but little ac- 
quainted with the process by which the decomposition is 
carried on, but the effect is certain unless the albumen, 
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influence of this cause until that period, there is no tenni- 
nation to its endurance, except from those casualties 
which it might have been able to bear in its original state, 
but cannot after the removal of that portion of its sub- 
stance soluble in water. Should a piece of timber that 
has been for a long time exposed to water be brought into 
the air and dried, it will become brittle and useless; this 
is usually the case with the timber taken from peat-bogs, 
unless it should happen to be impregnated with some 
mineral substance that has stayed the action of the water. 

When wood is alternately exposed to the influence of 
dryness and mcusture it decays rapidly. It appears, from 
experiments that have been made, that after all the mat- 
ter usually soluble in water has been removed, a fresh 
maceration and contact of the air produces a state of 
matter in that which is left which renders it capable of 
solution. A piece of timber may then in this manner be 
more and more decomposed, until at last the whole mass 
is destroyed. The builder is sometimes compelled to use 
wood in places where it will be exposed to alternate dry- 
ness and moisture ; fencing, weather-boarding, and other 
works, are thus exposed. In all these cases he may 
anticipate the destructive process and pr(>vide against it. 
The wood used in such situations should be thoroughly 
seasoned and then painted or tarred ; but, if it be painted 
when not thoroughly seasoned, the destruction will be 
hastened, for the evaporation of the contained vegetable 
juices is prevented. 

There is one other circumstance to be considered, the 
influence of moisture associated with heat. Within cer- 
tain limits the decomposition resulting from moisture in- 
creases with the temperature. The access of the air is 
not absolutely necessary to the carrying on of this process, 
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!mt water is; and as it goes on, carbonic acid gas and 
hydrogen gas are given off. The woody fibre itself is not 
free from this decomposition, for, as the carbonaceous 
matter is abstracted by fermentation, it becomes more sus- 
ceptible of this change. This statement is proved by the 
circumstance that, when quicklime is added to the mois- 
ture, the decomposition is accelerated, for it abstracts car- 
bon; but the carbonate of lime produces no such effect. A 
practical lesson may be learned from this fact ; if timbers 
be bedded in mortar, decomposition must follow, for it is 
a long time before it can absorb sufficient carbonic acid to 
neutralize the effect, and the dampness which is collected* 
by contact with the wet mortar increases the effect. When 
the wood and the lime are both in a dry state, no injury 
results, and it is well known that lime protects wood from 
worms. 

When the destructive process first becomes visible, it is 
by the swelling of the timber and the formation of a 
mould or fungus upon its surface. This fungus or cryp- 
togamic plant rapidly increases, and soon covers over the 
whole surface of a piece of timber, having a white, grayish- 
irhite, or brownish hue. When the seeds of destruction 
are thus once sown they cannot be readily eradicated ; it 
need not, therefore, be a matter of surprise that many of 
the foreign woods used in this country have so little per- 
petuity, when the reader is informed that the heat of the 
hold of the vessel in which they are brought is sufficient ^ 
of itself to cover them with mould or mildew. Heat knd 
moisture may be considered the prominent causes of the 
rapid decomposition of vegetable substances. When wood 
is completely and constantly covered with water this effect 
is not produced ; and we have an example in the fact, 
that, although those parts of a vessel which are .subject to 
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an occasional moisture are liable to dry rot, yet those parts 
which are constantly beneath the water are not ever thus 
affected ; and although the head of a pile, which may bo 
now and then wetted by the casual rise of the tide, and is 
then dried again by the sun, may be decomposed, yet 
those parts which are always covered with water have 
been found in a solid state after centuries of immersion. 



MEANS OF PREVENTING DECAY. 

It cannot be thought a matter of small importance that 
we should have some means of preventing the decay to 
which wood appears to be so subject. Many experiments 
have been made under the hope of discovering a simple 
and effective process for the accomplishment of this pur- 
pose. Whenever there is a desirable object which seems 
to offer a prospect of fame or wealth to him who can sectire 
it, there will always be many persons who, impelled by 
a sanguine disposition, or by bad motives, will propose 
schemes which are not founded on scientific principles, and 
frequently produce more harm than good. This we have 
frequently seen ; and in a time like the present, when all 
men seem to be speculating for an existence, rather than 
seeking wealth and honourable independence by the legiti- 
mate exertion of intellect or skill, the public are peculiarly 
exposed to the impositions of the weak and of the crafty. 
Scarcely a month elapses but we hear of some new specifics 
against the decay of timber, and yet when brought to the 
test of experiment they are found to be utterly useless. 
Some fortunate observation, some unexpected result, as the 
patentees inform us, led to the discovery ; and as to the 
reason why this or that process should be effective, they 
neither know nor care. We do not, however, in these 
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eensoTefl include the process proposed by Mr. KjaD, 
wliich we shall presently have occasion to explain. 

Felling Timber, 

Something may be done toward the prevention of decay 
by felling the timber at a proper season. A tree may 
be felled too soon or too late^ in relation to its age and to 
the period of the year. A tree may be so young that no 
part of it shall have the proper degree of hardness, and 
even its heart-wood may be no better than sap-wood ; or a 
tree may be felled when it is so old that the wood, if not 
decayed, may have become brittle, losing all the elasticity 
of maturity. The timber-grower is more likely to adopt, 
from interested motives, the former of these errors, and 
fell his timber too young. His object is to obtain as 
much timber as possible, but a tree is not in its maturity 
when it ceases to grow, for after this period its fibres gain 
firmness and density. The time required to bring the 
several kinds of trees to maturity varies according to the 
nature of the tree and the situation in which it may be 
growing. Authors differ a century as to the age at which 
oak should be felled, some say one hundred, and others 
two hundred years; it must, then, be regulated according 
to circumstances. Although the oak of our own country 
is so valuable to the builder, yet it is to be feared that it 
is seldom allowed to attain its maturity, the grower being 
anxious to sell and the builder to buy; the one seeking to 
obtain its value himself, rather than leave it to posterity, 
the other to purchase at as low a price as possible, not 
caring for the character of the timber. 

But it is also necessary that the timber-trees should be 
felled at a proper season of the year ; that is to say, when 
their vessels are least loaded with those juices which are 
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ready for the prodaotion of sap-wood and foliage. The 
timber of a tree felled in spring or in autumn would be 
especially liable to decay ; for it would contain the ele- 
ment of decomposition. Midsummer and midwinter are 
the proper times for cutting, as the Tegetative powers are 
then expended. 

There are some trees the bark of which is valuable, as 
well as the timber ; and as the best time for felling is 
not the best for stripping the bark, it is customary to 
perform these labours at different periods. The oak-bark, 
for instance, is generally taken off in early spring, and 
the timber is felled as soon as the foliage is dead ; and 
this method is found to be highly advantageous io the 
durability of the timber. The sap-wood is hardened, and 
all the available vegetable juices are expended in the pro- 
duction of foliage. Could this plan be adopted with 
other trees, it would be desirable ; but the barks are not 
sufficiently valuable to pay the expense of stripping. 

Seasoning Timber, 

Supposing all these precautions to be taken in felling 
timber, it is still necessary to season it ; that is, to adopt 
some means by which it may be dried, so as to throw off 
all the juices which are still associated with the fibres of 
the wood. As soon as the timber is felled, it should be 
removed to some dry place; and, being piled in such a 
manner as to admit a circulation of air, remain in log for 
some time, as it has a tendency to prevent warping. The 
next process is to cut the timber into scantlings, and to 
place these upright in some dry situation, where there is a 
good current of air, avoiding the direct rays of the sun. 
The more gradually the process of seasoning is carried on, 
the better will be the wood for all the purposes of build- 
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ing. Mr. Tredgold says, ''It is well known to chemistSi 
that slow drying will render many bodies less easy to dis- 
solve ; while rapid drying, on the contrary, renders the 
same bodies more soluble. Besides, all wood, in drying, 
loses a portion of its carbon, and the more in proportion 
as the temperature is higher. There is in wood that has 
been properly seasoned a toughness and elasticity which is 
not to be found in rapidly-dried wood. This is an evident 
proof that firm cohesion does not take place when the 
moisture is dissipated in a high heat. Also, seasoning by 
heat alone, produces a hard crust on the surface, which 
will scarcely permit the moisture to evaporate from the 
internal part, and is very injurious to the wood. 

" For the general purposes of carpentry, timber should 
not be used in less than two years after it is felled ; and 
this is the least time that ought to be allowed for season- 
ing. For joiners' work it requires four years, unless other 
methods be used ; but, for carpentry, natural seasoning 
should have the preference, unless the pressure of the air 
be removed." 

Many artificial methods of seasoning timber have been 
proposed ; and a brief notice of some of those which have 
been found most useful will be required. 

Seasoning hy a Vacuum, 

AH the vegetable and animal juices are kept in their 
particular vessels by the pressure of the atmosphere: 
remove that pressure, and the animal fluids could no 
longer be retained^ by the veins and arteries; and the 
vegetable fluids- would exude and appear on the surface 
of the plant. Place a small piece of wood beneath the 
receiver of an air-pump, and exhaust the air, and in a 
short time the wood will be covered with drops of the 
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liquid wbich can no longer be retained, as the atmospberio 
pressnre is removed. Mr. Langton thought that this 
might be applied to the extraction of those vegetable 
juices in timber, known to be the cause of its decay. An 
arrangement was therefore adopted, by which large masses 
of timber might be enclosed in a vessel having such 
machinery as would be necessary to exhaust the air, heat 
being at the same time employed so as to vaporize the 
exuded juices. The vapour is conveyed away by pipes 
surrounded by cold water, and is condensed into liquid, 
having a sweet taste. This process is deserving of more 
attention than has hitherto been given to it. 

Water Seasoning. 

It has been stated, by various writers, that wood im- 
mersed in water for about a fortnight and then dried, is 
better suited for all the purposes of the joiner. There 
can be no doubt that immersion in water tends to neu- 
tralize the effect of the saccharine matter, by dilution or 
an almost absolute removal. This process has also the 
effect of rendering the wood less liable to crack and warp ; 
but, if we judge by Duhamel's experiments, it injures the 
strength of the material, and should not, therefore, be 
adopted in any instance where the timber is to be em- 
ployed by the carpenter. Evelyn recommends boards 
that are to be used for flooring, to be seasoned in this 
way : — " Lay your boards," he says, " a fortnight in water, 
(if running, the better, as at a mill-pond head;) and then 
setting them upright in the sun and wind, so as it may 
pass freely through them, turn them daily; and thus 
treated, even, newly-sawn boards will floor far better than 
those of a many-years' dry seasoning, as they call it." 
Timber intended for ship-building may be immersed in 
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gea-water ; but that which is to be used for houses ought 
to be placed in fresh water; for if timber, or any other 
building material; be impregnated with salt, it will ever 
be wet, for salt attracts moisture so readily, that it may be 
used approximately as a hygrometer. Plaster or mortar 
made with salt water, will always sweat with a moist 
atmosphere ; and timber intended for the house-carpenter, 
if impregnated with salt, will always be damp, or covered 
with a crystallized efflorescence. Much injury, however, 
is sometimes done by not thoroughly immersing the tim- 
ber ; the carpenter should therefore be careful, when he 
employs this method of seasoning, that the timber is en- 
tirely covered with water, and that it be not exposed to 
its action for too long a time. 

Seasoning hy Smohing and Charring. 

Authors who have written upon the seasoning of tim- 
ber have spoken of the effects of smoke, and the carboniza- 
tion of the surface. We have adopted the same ar- 
rangement, but it will be necessary to caution the reader 
against a misconception of a very inaccurate expression, 
limber cannot be seasoned by either smoking or charring, 
but seasoned timbers may be made more capable of 
resisting the effects of certain situations by these processes. 
Should a piece of timber, containing the vegetable juices, 
be smoked or charred, it would be a means of accelerating 
decomposition ; for preventing all means of evaporation, 
the common sources of protection would become sources 
of destruction. But when timber is to be used in situa- 
tions where it is liable to be attacked by worms, or to 
produce fungi, it may be desirable to smoke or to char it. 
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Seasoning hy Boiling or Steaming, 

Timber is sometimes seasoned by steaming or boiling, 
both of which means are frequently adopted by ship- 
builders. The strength of timber appears to be somewhat 
impaired by these processes, but it is generally less liable 
to shrink or crack. Duhamel states that he boiled a piece 
of wood^ and then dried it upon a stove, but, in drying, it 
lost part of its substance, as well as the water contained ; 
and upon a repetition, he found that it had lost still more 
of its weight. Four hours' exposure to steam or boiling 
water is sufficient for timbers of ordinary dimensions, and 
the drying afterward goes on very rapidly, but it should 
be done as gradually as possible. The joiner frequently 
finds it necessary to steam or boil wood, to bend it into a 
particular curve, and also the ship-builder. It has been 
stated by writers on ship-building, that boiling increases 
the durability of timber ; and in proof of this, they inform 
us that the planks in the bow of a ship, which are bent in 
this way, are never affected by the dry rot. 

It may now be inquired whether, after the most perfect 
seasoning, timber is secured against the process of decay ? 
To this question a negative answer must be given. How- 
ever weJl the timber may be seasoned, it will certainly rot 
if placed in a damp situation, the rapidity of the decom- 
position depending upon the nature and state of the 
wood and the activity of the destroying agent. As the 
builder seldom attempts any other seasoning than that 
which depends upon drying his timbers, it is absolutely 
necessary that he should carefully avoid the rise of damp, 
and adopt every means in his power to prevent this evil. 
Timbers are usually placed in contact with walls, but it 
must not be supposed that this is sufficient to keep them 
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froM the aeoetM of dkimp, for they are frequently the eon- 
dnoting media. Brickwork very readily abeorha moistare, 
and also throws it upwardsy so that the ends of timhen 
aM in contact with the very source of mischief. To pre- 
Tent the rise of damp upwards, it is common to use, for a 
few feet ahove the foundations, cement, a suhstanoe im- 
p^rdous to water, instead of mortar, or to place hetween 
the courses sino or slate. But that these plans may he 
effective, the hasement walls should he surrounded with 
an open area, for, if in contact with the earth on their sides, 
they can he of no value. To prevent dampness from en- 
tering in front, the brickwork should be covered with 
compo, (X some substance impermeable to water. 

Another thing to be considered, for the security of tim- 
bers, is to arrange, in every plan of a building, for a per- 
fect circulation of air. Yentilation is a most important 
requisite in the construction of a building, although it is 
generally a matter of very little importance in the con- 
sideration of those who have to plan or construct build- 
ings. The ventilation of roofs is by no means difficult, 
but there are often so many obstacles to the ventilation of 
flooring, that the designer will not give sufficient attention 
to his subject to provide against them. These things, 
however, are not matters of speculation, to be attended to 
by those who have no higher employment, but are abso- 
lutely necessary for the construction of a work that is in- 
tended to survive the builder. 

But we must pass from this subject to a consideration 
of some of those plans which have been proposed to se- 
cure well-seasoned wood from the effects of dampness, and 
the ravages of insects, though it must be confessed that 
but few of them have been successful. 

Attempts have been made from a very early period to 
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prevent the deetraction of wood, bj impregnating it with 
gome substance capable of restraining its ravages. The 
moriate of soda, or common salt, has been thought a good 
preservative against decay, when the wood is thoroughly 
impregnated with it. The wooden posts which support 
the roof of a salt-mine are said to be preserved by the 
constant infusion of salt, and that a vessel covered with 
fungus will have her timbers cleaned by immersion in 
salt water. Whatever may be the advantages of this pro- 
cess, it is quite certain that it can never be extensively 
employed, for the salt absorbs water so readily, that the 
timbers would be constantly damp. 

In the year 1670, a Mr. Jackson proposed to immerse 
timber in a composition of muriate of soda, Epsom salts, 
lime, potash, salt water, and other substances; but nei- 
ther he nor anybody else could ever discover the value of 
this process. This person was permitted to prepare some 
timber to be used in the national yards, and it was found 
that vessels built with it were less durable than those in 
which unprepared wood was used. 

Sulphate of iron, or green copperas, in water, has been 
recommended as a good mixture in which to place wood 
that is to be used for t}ie purposes of building. It is said 
that timber boiled in a solution of sulphate of iron, be- 
comes so hard when dry, that moisture cannot penetrate 
it. This may possibly be the case, but the change must 
be effected by the removal of some portion of woody fibre, 
and the admission of the sulphate in its place, in the same 
manner as the wood found in the London clay has been 
fossilized by that substance. 

Lime has been recommended as a preservative against 
the decay of timber. There is a difference of opinion 
among writers as to the value of this substance for the 
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particular purpose. It is well kuown that quicklime with 
moisture rapidly destroys vegetable matter^ but Mr. Tred- 
' gold says, that a large quantity of fresh quicklime in con- 
tact with wood absorbs the water, haf dens the sap, and thus, 
keeping it in a perfectly dry state, renders it very dura- 
ble. This gentleman quotes the opinion of Mr. Chap- 
man, who says, that vessels employed in the Sunderland 
lime trade have been forty years old without needing any 
repair, or showing the slightest evidence of decay in the 
timbers. A writer, who recommends the impregnation of 
wood with lime, says that wood buried in the earth, and 
surrounded by lime, is protected from the prdinary causes 
of decay. But Dr. Birkbeck objects to the plan, for he 
says, assuming such principle to be correct, there is a great 
inconsistency as to the effects produced upon animal and 
vegetable matter, and there can be no doubt that the sub- 
stance which destroys one will destroy the other. 

The attention of scientific men has been recently di- 
rected to the experiments made by Kyan ; and from the 
very excellent exposition of' his plan, by Dr. Birkbeck, we 
are induced to hope that it may be found highly advan- 
tageous. Having made a great number of experiments 
with a view to ascertain the primary cause of vegetable 
decomposition, he was at last convinced that albumen was 
that cause, and that to neutralize its effects would be to 
prevent decomposition. Some plan was required similar 
to that adopted in tanning. The gelatin in animal bodies 
is quite as liable to decomposition as the albumen of vege* 
tables; but, when tannin, the infusion of oak-bark ia 
combined with it, the destructive properties are lost, and 
the animal matter becomes durable, and almost incapable 
of decay. Beasoning upon this effect, Mr. Kyan imagined 
that it might be possible to prevent vegetable decomposi- 
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tion bjr causing ihe albumen to form a combination witli 
some other substance ; and, knowing the affinity of corro- 
sive sublimate for the albumen, he entered upcm a series 
of experiments, which led him to propose the use of that 
substance as a protection for timber. 

A few extracts from the published lecture read by Dr. 
Birkbeck, before ihe Society of Arts, may put the subject 
more clearly before the reader : — 

'' Mr. Kyan inferred that, as wood consists of various 
successive layers, in which the albumen, or juices contain- 
ing albumen, circulated freely, it is quite certain t^at, as 
these juices within the wood, with the watery parts, fly off 
by the leaves, that the albumen remains behind; and it is 
probable that this albumen, which from its nature is pecu- 
liarly prone to enter into new combinations, is the thing 
in wood which begins the tendency to decomposition, and 
produces ultimate decay, whether that decomposition is 
attended with the formation of cryptogamic substances, or 
whether, in the less orgapized form, the change occurs with 
the simple production of whstt has been called the dry 
rot. He (Mr. Kyan) conceived, therefore, if albumen 
made a part of wood, the latter would be protected by 
converting that albumen into a compound of protochloride 
of mercury and albumen ; and he proceeded to immerse 
pieces of wood in this solution, and obtained the same re- 
sult as that which he had ascertained with regard to the 
vegetable decoctions. Having done so, it became neces- 
sary to employ various modes of experiment, as well as 
comparative experiments. Now, it is not clear in what 
part of the wood the vegetable albumen may be found, 
though it exists more especially in that part of the tree 
which is denominated the alburnum or sap, and is found 
b*)twe6n the heart^wood and the innermost layer of bark. 
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The experience of all practical men has confirmed the 
opinion that this portion of wood is the first to decay. 

'^ It is probable that, as the albumnm becomes succes- 
sive layers of wood; it loses a quantity of albumen ; or 
that; in consequence of the pressure which takes place by 
the addition of each successive layer, it becomes so situ- 
ated as to lose a part of its exposure to the vessels where 
a change may occur, and therefore becomes, in some mea- 
sure, protected ; for that which is one year alburnum or 
sap, may be, and indeed generally is, proper wood the 
next. 

<< The mode in which the application of the solution 
takes place is in tanks, which may be constructed of dif- 
ferent dimensions, from twenty to eighty feet in length, 
six to ten in breadth, and three to eight in depth. ,..The 
timber to be prepared is placed in the tank, and secured 
by a cross-beam to prevent its rising to the surface. The 
wood being thus secured, the solution is then admitted 
from the cistern above, and for *a time all remains per- 
fectly still. In the course of ten or twelve hours, the 
water is thrown into great agitation by the effervescence 
occasioned by the expulsion of the air fixed in the wood, 
by the force with which the fluid is drawn in by chemical 
affinity, and by the escape of that portion of the chlorine, 
or muriatic acid gas, which is disengaged during the pro- 
cess. In the course of twelve hours this commotion 
ceases, and in the space of seven to fourteen days, vary- 
ing according to the diameter of the wood, the change is 
complete ; so that, as the corrosive sublimate is not an ex- 
pensive article, the albumen may be converted into an in- 
decomposable substance at a very moderate rate, and the 
seasoning will take place in the course of two or three 
weeks." 
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Mr. Kyan's method of seasoning has been already tested 
under circumstances so severe, that they may be said to 
have proved its efficiency. A piece of oak was five years 
in the fungus pit in Woolwich yard^ a place notorious for 
the rapid and almost instantaneous destruction of vege- 
table matter, and it was as sound when taken out as when 
put in. This was the most severe test to which- thd 
method could be subjected, and its having sustained the 
trial is a proof of the value of the discovery. It has, how- 
ever, been objected to the process, that the impregnation 
of timber with corrosive sublimate must unfit it for use in 
ship-building ; but Mr. Kys^ has furnished evidence to 
the contrary, and in our opinion proves that salubrity is 
one advantage. We strongly recommend the builder to 
make experiments himself upon wood prepared by Mr. 
Kyan, by using it in places where decay is rapid. 

FRAMING OF TIMBERS. 

When timbers are framed together, it is with the in- 
tention of supporting some weight, or resisting the strains 
to which the materials may be exposed in the situations 
where they are to be placed. Horizontal or vertical timbers 
are not always of themselves sufficiently strong to sustain 
the pressure to which they may be subject, but they need 
assistance; and it then becomes a question, how can the 
materials intended to assist be best applied, and what are 
the smallest scantlings that can be adapted ? Two things 
must be studied, Btability and economy. It has been often 
stated that these two results cannot be accomplished 'by 
the same arrangement; but as the forces which are to 
be opposed have usually a direct application, so the system 
by which they are to be resisted may, usually, be of a 
simple construction. We have no doubt that those sys« 
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terns of fraining are most effective which are most simple^ 
provided that the designer accurately determines the direc- 
tion and intensity of the forces to he opposed, and judi- 
ciously applies the arrangements intended to resist their 
pressure. But this is not always done, partly from a 
want of knowledge in those who undertake puhlic works, 
and partly from the insufficiency of those results which 
have heen obtained by experiment. When we speak of 
the strength of timber, we shall have occasion to refer to 
the uncertain character of the principles upon which we 
depend in all our calculations ; and, if it should be found 
that we have no means of accurately estimating the weight 
or pressure that a timber of given dimensions is capable 
of supporting, it must be then evident that, however accu- 
hite the means by which we estimate the forces, they are 
altogether inadequate to the deduction of proper results. 
But our first object is to explain the nature of the forces 
which are exerted by the several parts of a building, and 
the means by which they are to be resisted. 

Composition and Resolution of Forces. 

There are two great mechanical principles wliich lie 
at the base of all proper attempts to estimate the nature 
of the forces which may be exerted upon substances in 
particular situations ; these principles are called the com- 
position and the resolution of forces. 

The resolution of forces is the means of finding any two 
or more forces which may resist or control the pressure of 
any one force. The composition of forces consists in find* 
ing the direction and amount of one force that is capable 
of producing the same effect as two or more forces acting 
in different directions. This is, in fact, only the reverse 
of the resolution of forces, and the two are, strictly speak- 
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ing, but one principle ; and if the one process be under- 
stood, tbe other must be almost so of necessity. Nor 
may the student pass over this part of the work, under a 
fear that it is too mathematical for bim to understand, for 
he can never be certain that the roofs or other framing, 
which he may design, will support the weights they are 
intended to carry, if he does not know how to calculate 
the action of the weights or forces by which they may be 
pressed. 
Let B D (Fig. 1) be the king-post of a roof; and let b 




A, B C, be the rafters : they are framed together for the 
purpose of carrying some weight; and the question is this — 
are they sufficiently strong to carry the weight which is to 
be placed upon them ? To determine this we must refer 
to the resolution of forces. To put the problem in as 
simple a manner as possible, let us suppose some deter- 
mined weight to rest upon the point b. Then, by some 
scale of equal parts, draw a line b c?, equal to the number 
of pounds, hundredweights, or tons, resting upon the point 

B, and draw d a parallel to B c, and d c parallel to b a. 
Now measure the line a 6 by the same scale, and it will 
give the number of pounds, hundredweights, or tons, by 
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iriiioh A B is strained, and c h will give the strain npon 
B 0. But, in the drawing affixed, the rafter B o is longer 
than the rafter b a ; but this does not at all affect the 
weight, for it remains the same, whatever may be the 
length of the beam which carries it ; but it is necessary to 
remember that, by increasing the length of the beam, it 
is rendered less capaMe of supp(Mr<ing the weight, and a 
proportionate increase of dimensions must be allowed. 
But should the direction of the beam be changed, a very 
different result will be obtained, for in every case the pres- 
sure will be increased or decreased. The strain upon the 
beam b a (Fig. 2) will now be measured by the line a h. 

Fig. 2. 




and that upon Bchjb c. In fact, a very slight alteration 
of position may, under certain circumstances, enormously 
increase or decrease a strain. It will be scarcely necessary 
to explain how two or more forces may be composed, and 
the single force, acting in a certain direction, be calculated 
Leaving the subject of the composition and resolution 
offerees, after a statement of the principle, we may proceed 
to explain the construction and arrangement of those 
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parts of a building which belong to the carpenter. And; 
first of all; we may speak of roofs. 

The Construction of Roofs. 

The roof of a building is that part which is intended to 
protect the interior from atmospheric changes, and at the 
same time to tie and strengthen the fstbric itself. But in 
carpentry the term has a much less extensive meaning, 
and signifies the timber-work which is intended to support 
the covering. The construction of roofs should always be 
regulated by scientific principles, for it is not only neces- 
sary to prevent it from straining the walls on which it 
rests, but it should strengthen them. Builders generally 
err in making roofs too heavy, which is a great fault, as 
the stability of thei building is impaired, and a useless ex- 
pense is incurred. There are many ways of constructing 
a roof, and they are not all equally suitable for the same 
situation. The span, the weight to be carried, and the 
country in which it is erected, should all be considered. 
The simplest method of constructing a roof is to place 
horizontal timbers from wall to wall ; but this method is 
only suited to very .short bearings, and does not readily 
throw off the water which may fall upon its covering. 
The Egyptians constructed flat roofs. To prevent this in- 
convenience, a roof may be made as an inclined plane ; 
and such a construction has advantages, though its want 
of uniformity and beauty, and also its want of strength, 
proportioned to the amount of timber employed, are ob« 
jections to its use ; but still it is stronger than the flat 
roof, and readily carries off the water that may fall upon 
it. The best form for a roof is that in which there are 
two sides, equally inclined to the horizon, and resting in a 
line called the ridge of the roof. The angle which the 
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inolined side forms with the horiioD, is called the pitoh. 
In oonntries where there is a cold climate, and soow isapt 
to fall in large quantities, the roof is high; in warm 
conntrieSy the roof is low. The Greeks generally made 
their roofs so as to have an inclination of from twelve to 
fifteen degrees; the Romans made theirs higher. In 
Gothic architecture the roof is generally high-pitched, and 
it is so consonant with the style, that it often forms a 
prominent feature in these buildings. There are not so 
many advantages in high-pitched roofs as most persons 
suppose, and there are many disadvantages. The addi- 
tional force of the wind upon a high roof is a serious ob- 
jection, and when parapets are employed, it is so far from 
preventing the effects of a heavy fall of rain or snow, that 
the gutters are so filled that the pipes cannot carry off the 
water fast enough, or, being stopped by the dirt carried 
down by the velocity of the water, an overflow is occa- 
sioned. The height of roofs is now generally between 
one- third and one-sixth of the span. 

It is the carpenter's business to frame the timbers of 
roofs, and sometimes he is required to design them, and 
he should therefore know how to obtain the strength and 
other qualities required, with the smallest possible amount 
of timber. 

A piece of timber, in whatever way it may be placed, 
except when vertical, will bend or sag, that is to say, its 
upper side will form itself into a concave surface. The 
more horizontal the timber is placed, the more it will 
always sag, and as the distance between the points on 
which it rests is increased, so it has greater liabilities of 
bending. To prevent this effect as much as possible, 
arrangements must be made for the support of the beam 
in some intermediate points. Now, it may be supported 
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from either aboTe or below. If there should be my wkUb 
betwem thoee on wbioh the ends of the timber rest, theae 
will be sufficient for all the purpoaes leqoiied ; if not, the 
Bftme result must be produced by & system (^ framing. 

The limbers whiob compose a roof are known by- 
different DuneB, uoording to the uses for which they &re 
employed, and the situations in wHoh they are placed. 
The principal timbers of a roof are the following, but 
they are not all used in eveij roof: the tie-beams, wall- 
plates, collar-beams, king-posts, queen-posts, struts, prin- 
cipal rsAers, common rafters, ridge-piece, collar-beams, 
purlins, and pole-plates. 

The TiK-BXAH (a) (Fig. 3) is a horiaontal pieoe of 




limber, which extends from wall to wall, and rests upon 
the Wall-pl&tbb (b) at each end. It is employed- for 
the porpose of connecting the feet of the principal rafters 
(o), which would othervrise have a tendency to push out 
tbe walls by their own weight, and the weight of the ma- 
terials placed upon them In roofs of large span, it is 
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necess&ry that the tie-beam ghould be well anpported in 
Bome point or points between the ends on which it is snp.- 
ported, for if this be not done, it will sag and draw either 
one or both of the principal rafters toward ila centre, and 
thus dcBtroy the stability of the framing. The Kino-pobt 
(d) IB sometimes used for this purpose. It is a piece of 
tJmbcT placed in a vertical position, oonnecttng the point 
where the two principal rafters tneet,and tbe centre of the 
tie-beam. 

When the king-post is not thought to be sufficient to 
support tbe pressure whieh majr be on the framing, Quben- 
P08TS (b) (Fig. 4) may be used, which are pieces of 




timber placed in an upright position, supporting severally 
the two rafters, and equidistant from the centre of the 
truss. The horizontal piece of timber (c) which con- 
nects the heads of the queen-posts, is called a straining- 
beam ; and that which connects their base, so as to pre- 
vent the struts from pushing them nearer to caob other, is 
called a straining cill. Those pieces which are placed in 
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pairs^ to assist in supporting the principal rafters, are 
called stmts; they are frequently used to unite the rafters 
and the base of the king-post. Any horizontal timber 
above the tie-beam is called a collar-beam. The ridge- 
piece (h) is that piece of timber which forms the apex of 
the roof^ and is supported by the heads of the principal 
rafters or the king-posts, and in its turn supports one end 
of the common rafters. A pole plate is a beam over the 
walls, supported by the principal rafters or the tie-beam, 
and is intended to carry the lower ends of the common 
rafters. Purlins (e) are horizontal timbers, between the 
pole-plates and ridge-piece. The small spars (c c) which 
are parallel to the principal rafters, and are supported by 
the ridge-plate, purlins, and pole-plates, are called common 
rafters. 

• 

The Dimensions of Timbers used in a Roof, 

However accurately a roof may be designed, it is unfit 
for its purpose if the dimensions of the parts be not accu- 
rately proportioned. To accomplish this, some experience 
is required, and a knowledge of the strength of timbers 
under particular circumstances. Some authors have given 
rules for the finding of these din)ensions, but although 
they have undoubtedly some value, many experiments 
must be made before we shall be in possession of those 
data which will warrant the general application of the 
rules. 

At prbsent, the designing of roofs is governed almost 
entirely by experience, and no fixed laws can be appealed 
to. There are two things to be secured, a sufficient 
strength to support the weights to be carried without 
sagging, and to do that without burdening the walls or 
other parts of the building over which the roof is thrown. 
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Tbis is not always an easy task, for roofs ate sometimes 
to be made in sucb forms as prevent tbe adoption of tbose 
means wbicb would otherwise immediately accomplish the 
objects Sometimes a very large roof must be made flat ; 
at other times a lantern- light must be provided in its 
centre ; and, in a third case, it may be necessary to erect 
a dome. Now, in designing for these and other roofs, at- 
tention should be paid to the character and success of 
similar works already executed, and the artist should 
study the points of similarity and difference between these 
and his own work, so as to provide against dangers which 
may peculiarly affect his building. 

Examples of Roofs, 

Fig. 5 is a roof, the rafters of which are only supported 

Fig. 5. 




4)y a collar-beam (o), which acts in part as a tie ; but this 
arrangement is so feeble, that it should never be used over 
a space where the span is more than fifteen feet. 

In Fig. 6, there is the addition of a tie-beam (a), and 
the strain is here thrown from the collar to the tie-beam ; 
the former being compressed, the latter in a state of tension. 
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As there is no arrangement in this truss to snpport the 
tie-beam and to prevent it from sagging; it is unfit for a 
^an of more than twenty-five feet. 

To prevent the inconveniences resulting from the sag- 
ging of the tie-beam, a king-post (p) and struts (s s) may 
be introduced, as shown in Fig. 7. This form of roof is 
very well adapted for a span of twenty-five feet. 
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For a span of thirty to five-and-forty feet, the truss 
represented in Fig. 8 is very well suited, and is now yery 
commonly adopted by architects and builders. 

Fig. 8. 






Floors, 

The timbers which support the flooring boards, and the 
ceiling of a room beneath, are called, in carpentry, the 
naked flooring. 

There are three kinds of naked flooring : single, double, 
and framed. 

Single flooring is that in which there is but one series 
of joists, as shown in Fig. 9, where A a A are joists, and b 

Fig. 9. 




the flooring boards. To make a single floor as strong as 
possible, tbe joists should be thin but deep, sufficient 

7* 
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thickness being always allowed for the nailing of the 
flooring boards. Two inches by six is the smallest dimen- 
sion for joists ; for a length of twenty feet, they shoold bo 
about three inches thick, and twelve inches deep. 

Sometimes the joists cannot have in a particular place 
a bearing upon the walls, and then a piece of timber is 
framed between the nearest joists. This is done where 
flues, fire-places, and stairs interfere. The timber thus 
used is called a trimmer, and the two joists on which it is 
supported are called trimming-joists, and should be made 
a little stronger than the common joists. Thus in Fig. 10, 

Fig. 10. 




A A are common joists, B B trimming joists, and a trim- 
mer. When the bearing is more than seven or eight feet, 
the joists should be strutted ; that is to say, short pieces 
of board should be fitted between the joists, so as to form 
a continued line from wall to wall. These struts greatly 
strengthen the floor, and prevent the joists from sinking ; 
but it is not desirable to mortise them into the joists, 
as that process has the effect of weakening the joists them- 
selves. 

Double flooring is that in which there are two tiers of 
jo^f»ts, the binding joists, as A A, in Fig. 11, which in fact 
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support the floor, and the bridging joists B B. In this 
kind of flooring, the binders extend from wall to wall, and 
the bridging joists are notched down upon them. Be- 
neath the binders we have a third tier of timbers (d), 
which are pulley mortised into the binders, and are called 
ceiling joists. 

When the binding joists are framed into a large piece 

of timber, called a girder, the floor is said to be a double- 

^ framed floor. Thus in Fig. 12, A is the girder, b a bind- 

Fig. 12. 




ing joist, a bridging joist, d d ceiling joists, and E floor- 
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ing boards. This kind of floor is decidedly the best when 
it is necessary to provide for a good and even ceil- 
ing, for, although single floors may be made very strong 
for a great bearing, yet the ceilings are always liable to 
crack. 

It is not easy to obtain timber for girders of much more 
than twenty feet scantling, and they are therefore trussed. 
Trusses are used in both floors and roofs, but we have 
not thought it desirable to interrupt the course of expla- 
nation we have given, by a reference to any particulars 
concerning this branch of carpenter's work; yet it is 
necessary that we should now make a few remarks upon 
it. 

TRUSSES. 

When timbers are so framed together as to support 
weights, they are called trusses. Now, it frequently hap- 
pens that a piece of timber, in itself incapable of sup- 
porting a weight, may, when cut into scantlings of dif- 
ferent dimensions, and framed together, not only carry 
that weight, but also support a much greater. The bow 
and string roof, invented by Mr. Smart, is an example 
in point. Let a a, in Fig. 13, be a piece of timber, which 

Fig* 13. 
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we will suppose to be insufficient of itself to carry a par- 
ticular weight; from this cut the pieces e>, s, e, 6, and 
0, s, d, c Then let these pieces be raised as in Fig. 14, 
and a key be placed between them at the apex, and it will 
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Fig. 14 




form a very strong truss, which may be made still more 
capable of resisting a strain, by the application of struts. 

The principal rafters of a roof are so called because 
they are trussed. It is not necessary to truss all the 
rafters in a roof, and it would be very expensive to do so; 
and therefore trusses are placed at particular distances 
from each other, according to the weight to be carried, and 
they are formed in different ways, according to the span 
over which they are thrown. The planning of these is 
one of the most difficult tasks to be given to the student ; 
and to successfully design them so as to avoid a waste of 
timber and secure an adequate strength, requires, in the 
first place, an accurate knowledge of principles, and in the 
second, a careful study of the combinations which have 
been employed, under particular circumstances, by profes- 
sional men. 

It has been already stated that girders are sometimes 
trussed, and should always be when their bearing is much 
more than twenty feet. Writers have differed as to the 
value of the different methods of trussing girders, and 
practical men are by no means agreed as to the best forms 
and arrangements to be adopted. We have often seen 
trusses which, so far from strengthening the girders, have 
decidedly weakened them. Large girders are sometimes 
sawn down the middle, and when reversed, are bolted 
together with slips of wood between them. It has been 
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Bupposed that this strengthens; and is adopted for this 
purpose ; but the supposition is erroneous, though the plan 
is certainly a good one, for it allows a free circulation of 
air between the pieces, and facilitates the emission of any 
dampness that may be in the timber. 

For many years, carpenters were accustomed to truss 
with oak, but, by experience, they discovered the impro- 
priety of this plan, though indeed it might have been sug- 
gested by the fact that oak is not much less susceptible of 
compression than fir. 

A strong girder may be made as strong, in fact, as any 
truss of the same depth; by bolting two pieces of timber 
together, or by confining them with iron hoops, the ends 
of the girder being smaller than the centre, so as to allow 
the hoops to be driven tighter, and confine the beams. 

In Fig. 15, we have given a representation of a strong 



Pig. 15. 




truu girder, the truss post and the abutment pieces being 
made of wrought iron. 



OF OONNEOTINQ TIMBERS. 



It « wmAtimea impossible to obtain timbers of the 
^Mik iMnixad for the several parts of a building, and 
lim'ihnvMMBKry to join two or more pieces together, so 

into one piece, and to injure the stability 
This process is called scarfing, and 
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the parts of the joints which come in contact are called 
scarfS; and are usually* connected by iron bolts. 

There are many ways of scarfing, every builder adopting 
that one which appears to him the best under the circum- 
stances in which the timber is to be employed. Two or 
three different methods may be mentioned, leaving the 
student to examine those which he may happen to meet 
with in practice, and the various designs which have been 
given by writers on the art of building. 

Fig. 16 shows the means of scarfing without dimi- 

Fig. 16. 
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nishing the length of the pieces. This is done by the in- 
troduction of a third piece, having the form of steps, and 
all the pieces being united together by bolts and plates. 
Fig. 17 is a representation of a scarfing, which is very 

Pig. 17. 
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simple, and frequently used, though there is a coi^^der- 
able loss of timber. The pieces to be united are con- 
nected by iron bolts, an iron plate being placed on both 
sides. 
Fig. 18 represents a form of scarfing, adapted to a 
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Fig. 18. 




beam, which has to support a cross strain. In many ar- 
rangements, the whole strain is supported by the straps 
and bolts, but in this they do not, in consequence of the 
indentation. 

There are many complicated modes of scarfing, but 
these are mostly to be avoided. There are some persons 
who judge of the merits of designs by the intricacy of 
the labour; but it usually happens that simplicity is an 
element of strength, as well as of beauty. If this prin- 
ciple were commonly acknowledged, much valuable time, 
talent, and capital would be saved ; and men engaged in 
designing the workmanship for buildings would learn the 
necessity of being regulated by established laws. This is 
particularly evident in relation to scarfing, for, as its 
strength altogether depends upon the accuracy with which 
the indents are formed, nothing can be more absurd than 
to make them in so complicated a manner as to prevent 
the necessary accuracy of execution. 

TIMBER PARTITIONS. 

Booms and passages are often separated by timber par- 
titions, which are so formed as to be covered with lath and 
plaster. In Fig. 19 we have given a design for the fram- 
ing of a partition, with a door through it ; A A are the 
door-posts, B the head, o the cill, d d are braces which sup- 
port the quartering, and are assisted by the struts, £ E. It 
will be quite evident, from a glance at the drawing, that 



JOINTS. 





the door-posta help to soBtain the braces and strnte ; while 
thej in return prerent &e &11 of the door-posta. Braoea 
may be introduced in Tarious ways, but atrongth is the ob- 
ject for which thej onght to be introduced, a circnmstanoe 
vhioh is very frequently entirely forgotten hj carpenters. 
It ia strange that in bo simple and easj a matter men fre- 
quently err, and waste both time and material in a pro- 
viuon for strength where it is not required ; while, at 
other times, labour and material are lost by negleetiug to 
provide sufficient strength. In some instances, it may be 
found desirable to introduce a simple tmss into « design 
for partitions. 



It is frequently difficult, in an explanadon of the pro- 
cesses adopted by those who work in wood, to separate the 
duties of the one from the other. The carpenter has 
little to do with joints, for they always weaken a com- 
bination of timbers, though they cannot be avoided; and 
his principal objects are strength and economy. We shall 
not, therefore, attempt in this place to explain the several 
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kinds of joints employed in the onion of wood-work, but 
leave this branch of our subject till we consider the 
joiner's work in particular. 

The carpenter usually connects his timbers either by 
notching, or by mortise and tenon. Dovetail joints are 
sometimes used in carpentry, but they ought never to 
be adopted, for they will always draw when the timber 
shrinks, and the oblique surface of the dovetail tends to 
force the timbers apart, acting as though it were a wedge. 

We have now taken a very general sketch of the work 
to be performed by the carpenter, and the manner in which 
it ought to be done. In every portion of building, an 
acquaintance with the principles of some branch of science 
is necessary, but no workman requires so extensive a 
knowledge of scientific truths as the carpenter. Nor 
must he be satisfied with the casual examination of the 
influence exerted by bodies, as acted upon by the laws of 
gravity, and the capabilities of resistance possessed by 
particular substances, but he must trace the many com- 
plicated circumstances under which their several effects 
are modified. A knowledge of principles must precede 
the application of an acquaintance with detail; but the 
details are useless without principles. 
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THE JOINER. 

The business of the joiner is distinct from that of the 
carpenter^ for it has relation to the more ornamental parts 
of the art of building. The construction of wood-work is 
designed to please the eye, rather than to add to the sta- 
bility of an edifice; whereas, the carpenter is concerned 
more with the solidity and stability than beanty or decora- 
tion. It will therefore be necessary that some remarks 
should be made calculated to assist the student in the 
attainment of this branch of the art of working in wood, 
that beauty and solidity may be united. Nor must 'it be 
supposed that in the introduction of facts already well 
known to some of our readers, that we are writing that 
which everybody knows; for, in the preparation of this 
volume, we have aimed to render ourselves intelligible to 
those who are least acquainted with the subjects we ex- 
plain. 

WOODS. 

White and yellow deal, wainscot or American oak, and 
mahogany, are more frequently used by the joiner than 
any other woods. Having already spoken of these under 
the former chapter, it will be unnecessary that we should 
now do more than mention some of their qualities, and 
the uses to which they are applied. 

Deal is generally imported into this country in lengths 
of from six to fourteen feet, though twelve feet is the most 
common length, being then generally cut to the greatest 
advantage. The blocks are about three inches thick and 
nine inches wide. In choosing deals, those must be se- 
lected which are most free from knots and skakes, and 



88 THI BUILDXa'S COMPANION. 

appear to have the closest grain^ the coarser ones being re- 
served for common work. The yellow deals are in general 
straighter in grain, and have a less number of knots than 
the white ; and should therefore be chosen for the styles 
of doorS; and for feiming ; and it works clean and sharp 
for the striking of all sorts of mouldings. 

Wainscot is imported in logs of different dimensions. 
Such logs should be chosen as appear to have been cut 
from a straight tree, and have a clear grain free from 
streaks of a lighter colour ; for such parts are of softer 
texture, and, in fact, but the beginnings of decay in the 
timber, and are termed by workmen doughty parts of the 
wood. If a log of wainscot be cut in the same direction 
as the beat of the wood, the boards will be variegated and 
have a handsome grained appearance ; but if it be con- 
trary to the direction of the beat, it will have a uniform 
appearance : the first is proper for panels and places where 
it is intended to expose a large surface, and the latter for 
the styles and framej of doors, sashes, &c., as it mortises 
better and is less likely to split. 

Mahogany is only used for the best kind of work ; for 
doors, sash-frames, and baluster-rails. There are many 
kinds of mahogany, but they are classed by workmen 
under two general terms, Spanish and Honduras. The 
Spanish is considerably harder than the Honduras ; and 
has not so commonly a variegated grain, though it is very 
handsome when a fine-grained piece can be obtained. 
The Honduras has a spongy texture, and often very cross- 
grained, which contributes to its mottled and variegated 
appearance ; it is then extremely difficult to bring it to a 
smooth face. When the Honduras is good, it is very 
proper for the panels of doors ; but the Spanish should 
always be used for framing, or for mouldings, and for 
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hand-rails, as it is less liable to break when cut out on the 
sweep, as its texture is strong and its grain even. There 
is another kind of mahogany, known by the name of 
Katteen, which is often employed for panels, as its dimen- 
sions are large enough to prevent jointing; and, as it is of 
a reasonable price, it is sometimes substituted for deal, 
particularly for curvilinear work that is to be painted. 
It may also be used with advantage for the facia of shop- 
fronts, sign-boards, and other works liable to the changes 
of wet and dry, and exposed to the sun and air ; for how- 
ever well the joints may be formed by the workman, they 
are always liable to fly when used in these situations. 

Glue. 

Before we speak of the methods employed in joining 
wood-work, it will be necessary to make some allusion. to 
a substance, glue, which is in constant use by the work- 
man ; and, as its quality is of great importance to the 
joiner, we must speak of the tests by which to ascertain 
its adhesive properties, that the workman may know how 
to select that which is best, and to reject that which has 
not the requisite adhesive property. Glue is made from 
the skins and sinewy parts of animals, or from the skins 
and cartilage of fishes. The glue that is made from 
animal substances is considered to be better than that 
made from fishes ; though isinglass, which is made from 
the air-bladders of a large fish found in the Eussian seas, 
is one of the strongest with which we are acquainted > but 
its price in the market prevents the joiner from employing 
it. From the chemical experiments which have been 
made, it appears tht^i; the glue manufactured from the 
skins of animals is superior to that which is made from 
the sinewy or homy parts, as well as that which is mado 

8« 
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from the skins of iSsheS; not being so readily affected by 
the moisture of the atmosphere. The workman, therefore^ 
always prefers animal-glue to that which is called fish-glue^ 
though the latter is often sold as glue of the best quality. 
Some directions may be given to enable the joiner to 
choose this necessary cement, and to judge of its adhesive 
qualities. All glue, in the cake, is subject to the effects 
of dryness or moisture, which, in the atmosphere, are con- 
stantly changing, becoming soft in damp weather, and 
brittle in dry. But the different kinds are differently 
affected. Glue should be purchased in dry weather, for 
that which is then soft is not of so good a quality as that 
which is crisp. Some opinion of the quality may be 
formed by its transparency, for that which is most trans- 
parent is best. If it be possible to make an experiment 
with a sample of the article before a quantity is purchased, 
a cake may be immersed in water, in which it should 
remain two or three days, and, if the glue be good, it will 
not dissolve, but swell ; but if it be of inferior quality, it 
will partly, if not wholly, dissolve in water ; from which 
it will follow that that which is least dissolved in cold 
water is the best, or possesses superior qualities of adhesion, 
and will be least affected by moisture or damp. Another 
test is that, being dissolved in water by heat, the glue is 
best which is most cohesive, or may be drawn into the 
thinnest filaments, and does not drop from the glue-brush 
as water or oil, but extends itself in threads when falling 
from the brush or stick ; and this it will always do if the 
glue possesses the requisite properties. These tests will 
enable even the inexperienced workman to judge of the 
quality of the material offered to him for sale ; and, in a 
very short time he will find no difficulty in selecting that 
which will give firmness and solidity to his work. It may 
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bo worthy remark that the glue made from the skin of 
old animals is much stronger than that of young ones. 

Gluing Joints, 

In general, nothing more is necessary to glue a joint, 
after the joint is made perfectly straight, or, in technical 
terms, out of winding, than to glue both edges while the 
glue is quite hot, and rub them lengthwise until it has 
nearly set. When the wood is spongy, or sucks np the 
glue, another method must be adopted, one which 
strengthens the joint, while it does away with the neces- 
sity of using the glue too thick, which should always be 
avoided ; for the less glue there is in contact with the 
joints, provided they touch, the better; and when the glue 
is thick, it chills quickly, and cannot be well rubbed out 
from between the joints. The method to which we refer 
is, to rub the joints on the edge with a piece of soft chalk; 
and, wiping it so as to take off any lumps, glue it in the 
usual manner, and it will be - found, when the wood is 
porous, to hold much faster than if used without chalking. 

To make a very strong Glue, 

An ounce of the best isinglass may be dissolved, by the 
application of a moderate heat, in a pint of water. Take 
this solution and strain it through a piece of cloth, and add 
to it a pro|)ortionate quantity of the best glue, which has 
been previously soaked for about four and twenty hours, 
and a gill of vinegar. After the whole of the materials 
have been brought into a solution, let it once boil up, and 
strain off the impurities. This glue is well adapted for 
any work which requires particular strength, and where 
the joints themselves do not contribute toward the com- 
bination of the work ; or in small fillets and mouldingS| 
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parallel to A N and b o. Then cat away the parts A i k 
o E N, and B M L H F Oy and having formed the socket to 
correspond, by marking the form of the dovetail on the 
top of the piece A B o D, fig. 21, and cutting away ac- 
cordingly, the pieces may be fitted together, as shown in 
Fig. 22. It may be here observed that the bevel of the 




dovetail, that is, the angle I K o. Fig. 20, may be either 
more or less than has been mentioned, according to the 
texture of the wood. Hard, close-grained woods, not 
apt to rive, or split, will admit of a greater bevel than 
those which are soft, or subject to split ; thus the bevel of 
a dovetail in deal must be less than in hard oak, or in 
mahogany. It is a great fault to make a dovetail too 
beveling, for instead of adding to the strength of the 
joint, as some persons suppose, it weakens it; for provided 
the bevel is sufficient to prevent the possibility of pulling 
the pieces apart, the less the bevel that is given the better. 
It must have been observed that there is a great differ- 
ence between the dovetail made by the cabinet-maker and 
by the joiner ; the former has very little bevel, the latter 
very muoli; the former looks neat, and is at the same 
lime strong; while the latter, appearing to aim at 
•Ireiigth, looks clumsy, and is, at the same time, much 
Ike mJcer of the two. 
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Fi^. 23 represents the dovetail in common use for 
drawer-fronts. When it is required to hide the appear- 
ance of the joint in front^ the board A b o d is cut with 
the pin, and A E F B with the socket. The pins in this 
sort of dovetail are in general from about three-quarters 
of an inch to an inch apart^ according to the size of the 
pieces to be joined. 



Fig. 23. 



Fig. 24. 
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Fig. 24 represents the pin part of a lap dovetail, 
which, when put together, shows only a joint, as if 
the pieces were rebated together, as shown in Fig. 25. 
A B D represents the pin, e F G h the socket, and when 
put together, the line h a is only seen as a joint; and if 
the corner A b is rounded to the joint G h, it will appear 
as if only mitred together. This kind of dovetail is very 
useful for many purposes where neatness is required, 
such as in making boxes. 



Fig. 25. 
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Kg. 26 represents a still neater dovetail; and, as the 
edges are mitred together, b termed a mitred dovetail ; 
and is the same as that shown in Fig. 6, except that in- 
stead of the square shoulder, or rebat, in A B, it is eat 
into a mitre, and the other piece is made to correspond. 

Another very neat as well as expeditions method of 
joining pieces of wood, and it is somewhat analogous to 
dovetailing, b shown in Fig. 27. The joint b first 
formed into a mitre, and the pieces are then keyed 
together, either by making a saw kerf in a slanting direc- 
tion, as at A B, or by catting out a piece, as at o d, in 
the form of a dovetail. The first method, A B, b called, 
among workmen, keying together; the second, o D, kej- 
dovetailing. 

Fig. 27. Fig. 28. 
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The laRt method io be mentioned is that shown in Fig. 
'iH, and may bo termed mitre dovetail grooving ; the part 
A li| being formed with shoulders cut to the required 
lifivol, and a piece loft for the pin dovetail, which b in- 
Miirtnd into tlio socket dovetail, made to correspond to it 
ill titn plooo (1 I), wliioh has boon previously formed into 
a tiilirn. TIiIm mothod, though not much employed, may 
Im \\m\ witlt groat advantage in many instances, particu- 
Inrly wh«ii it is nu|uirod to join pieces together the 
JMiiKdhwfty of the grain. 
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Mortise and Tenon, 

Under this head^ we shall endeayour to give some rules 
necessary to be observed in attempting to proportion the 
parts of the mortise and tenon, so that they may be 
equally strong, or that the tenon may not be more likely 
to give way than the cheeks of the mortise ; for this is 
the principal thing to be avoided. The workman fre- 
quently allows too little substance for the tenon, lest he 
should weaken the mortise; and sometimes he falls into 
the opposite error — facts which clearly prove that he is 
not acquainted with a means of obtaining a maximum of 
strength with a given quantity of material. 

Figs. 29 and 30 represent a simple mortise and tenon. 



Fig. 29. 




Fig. 30. 
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The dotted lines show the parts to be cut away. To 
show the thickness of the tenon, and, consequently, the 
width of the mortise, we have here one tenon and two 
shoulders, that is, three parts; one of which is to be al- 
lowed for the tenon, and two for the shoulders; and this 
will in general be found the best proportion, for, if the 
tenon be more than that, it will weaken the shoulders of 
the mortise. Now if we have, as is frequently the case, 
two tenons in one piece, as represented in Fig. 31, there 
will be five parts, two tenons and three shoulders; so 
that each tenon will be one-fifth of the thickness of the 
stuff, for the shoulders are all equal to the tenons. Thi» 

9 
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Fig. 31. 
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rule may be generally observed^ unless the tenon is at a 
considerable distance from the end of the stuffy and then 
something more may be allowed for its thickness^ as the 
mortise is then not so liable to split ; but it should in no 
casC; however sound the timber, or tough the material, be 
more than two out of four parts; that is to say, it can 
never be safe to make the tenon more than half the 
thickness of the stuff, and that only under particular cir- 
cumstances, when the mortise is near the middle of the 
scantling, for the piece in which the mortise is cut would, 
in other oases, be considerably weakened. 

There is frequently, in joiner's work, a shoulder at the 
bottom of the tenon that fits into the piece in which the 
mortise is cut, as represented in Fig. 32 : and the tenon 

Fig. 32. 




18 divided into two parts, as there shown, which, when 
the stuff is wide, is a good method, as it strengthens the 
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piece in which the mortise is cut, without weakening, in 
the same proportion, the mortise itself; and we would 
suggest, in this case, that the piece b c, cut out from be- 
tween the tenons A b and d c, be nearly, if 'not quite, 
one-third of the distance A d; for, if much less, the piece 
left between the mortise will add but very little to the 
strength of the piece in which the mortise is made j and 
the tenon would be stronger in proportion to the mortise- 
piece than necessary. It may be here observed that, if 
the width of the tenon be much more than four times its 
thickness, additional strength will be gained by dividing 
the tenons into two or more parts, as shown in the figure, 
particularly if we allow a small piece at the bottom of 
the tenon, as represented in the drawing. 

Grooving and La'pping, 

It is not necessary to say much concerning this method 
of joining wood-work, it being analogous to that of mor- 
tising and tenoning. We shall, therefore, simply state 
that, when it is required to join two boards together by 
means of a tongue and groove, the groove should never 
exceed one-third of the thickness ; and often, if the piece 
for the tongue be formed of hard wood and liable to split, 
one-quarter of the thickness will be sufficient. When a 
panel is let into a groove in the style, the joiner is often 
guided by the thickness of the panel itself, which should 
never be less than one-third the thickness of the style. 

In making a groove across the grain, as for partitions, 
it will be best, in most cases, to make it about a fifth or 
sixth of the substance of the stuff. But, if the groove 
be formed into a dovetail, one-quarter the thickness will 
be better, and the dovetail should be made a little taper- 
ing, but not too much. It should, in fact, be so made as 
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to go almost home without reqairiDg a blow from a ham- 
mer or mallet to drive it into its place until it has near^^ 
attained it ; and all joints should be easily separated witk 
a gentle blow before they are glued. In a lap-joint| that 
is, in lapping two pieces together, supposing them of 
equal thickness, half the substance of each should be oat 
away; and if of unequal thickness, the lap should be 
made in the thinner piece, of about two-thirds or three- 
quarters of its thickness, according to the substance of 
the thicker piece ; thus endeavouring in this, as in all 
other cases, to avoid weakening one piece more than 
another. 

Bending and Crluing-up. 

In bending and gluing-up stuff for sweep-work, much 
judgment is necessary, and, as the methods are variouS| 
we shall mention a few which the workman may apply, 
as occasion may require, one method beiDg preferable to 
another, according to the nature of the work in hand. 

The first and most simple method is that of sawing 
kerfs or notches on one side of the board, thereby giving 
it liberty to bend in that direction; but this method, 
though very ready and useful for many purposes, weakens 
the work, and may cause it to break when strains are 
thrown on the piece. But a tolerably strong sweep may 
bo I II ado in this manner, if, after sawing the kerfs, (par- 
tiiMilur euro being taken to make them regular and even, 
niul to «tw them at regular depths,) some strong glue be 
vubbod into each kerf. When bent into the required 
»vk\vis » plo(M» of strong canvas should be glued over the 
Iv^ thvuim^lvt^M, and the glue be left to harden in the 
^^ti^^** U^ which the stuff is bent. 

K>!«W hiv^Ui^hI i8 to glue up the stuff in thin thick- 
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nosses, in a oawl or mould, made with two pieces of thick 
wood cut into the required sweep. This method, if done 
with care, that is, making the several pieces of equal 
hickness throughout, of wood free from knots, is perhaps 
the best that can be devised for strength and accuracy. 
It is also a practice sometimes to glue up a sweep in three 
thicknesses, making the middle piece the contrary way of 
the grain to the outside and inside pieces, which run 
lengthwise. This method, though frequently used for 
expedition, is much inferior to the above, as the different 
pieces cannot shrink "together, and consequently the joint 
between them is apt to give way. 

A solid piece, if not too thick, may be sometimes bent 
into the form required. If a piece of timber be well 
soaked upon the intended outside of the curve, it may be 
bent into position, and if kept in that position till cold; 
will retain the curvature that is given to it. 

The only otlrer method of forming a curve, necessary 
for us to mention, is that of cutting out solid pieces to 
the required sweep, and gluing them upon one another 
till they have the thickness required, taking care that the 
joints are alternately in the centre of each piece below it, 
something in the manner of courses of bricks one above 
the other. In this case, it will be necessary, if the work 
be not painted, to veneer the whole with a thin piece, 
after it has been thoroughly dried and planed level, and 
then made somewhat rough with either a rasp or toothing- 
plane. But the joiner must adopt one plan or another^ 
according to circumstances. 

Scribing, 

Scribing is the operation by which a piece of wood- 
work is made to fit against an irregular surface. Thus. 

9* 
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for instance, the plinth of a room is made to meet or cor- 
respond with the unevenness of the floor. To determine 
the portion which is to be cut off from a partition, or any 
wood-work where a floor or ceiling is irregular, it is only 
necessary to open the compasses to a width equal to the 
greatest distance between the plinth and the floor ; and, 
passing one leg over the uncTcn surface, the other leg will 
leave a mark on the plinth. If the wood be cut away on 
that line, a surface will be obtained which will make a 
good joint with the floor or ceiling. But the chief use of 
the art of scribing is to enable the joiner so to connect the 
moulding of panels or cornices, that, when placed together, 
they shall seem to form a regular mitre-joint. This me- 
thod has certainly one advantage over the common method 
of mitring, for, if the stuff should shrink, little or no 
alteration will be made in the appearance, but, under the 
same circumstances, a mitre would open, and the joint 
would be shown. The method adopted is this : — To cut one 
piece of the moulding to the required mitre, and then, in- 
stead of cutting the other to correspond with it, cut away 
the parts of the first piece to the edge of the first mould- 
ing, which will then fit to the other moulding, and appear 
as a regular mitre. 

Finishing of Joiner^ % Work, 

As joiner's work is generally intended to increase the 
beauty of a building, and as the appearance much depends 
upon the manner in which it is finished, we shall mention 
a few principles which must be attended to ; for, however 
well the work may be executed, so far as regards the 
strength and accuracy of the several joints, if the finish- 
ing be disregarded, whether the wood be intended to have 
its natural appearance or to be varnished or painted, the 
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elegance required cannot be obt^ned if die jotner doe wC 
properly finish his work. When a jiHoer works in wain- 
scot, oak, or mahoganj, his chief objecs nxut b€ id jtoin 
a surface perfecUj smooth and eTen. Whsn die fraoung 
is glued together, the glne iriiich 
spilt upon the work, mnst be aiiowcd to 
minutes and chill, and maj then be enelliZlT 
with a chisel, and the parti wbkh emmM be 
may be washed with a fpcngt Jl^ y el in kic 
squeezed nearly dry. This 
rations which follow, bnt 
duced when glue is anffeied n> 
ticularly on wainamt, i 
place where the ^oe is 
operation, which, tlioa^ it 
workmen, will be found a sratg f£ 
remain tiU peifecdy dij; and, 
parts have been kreOed wii^ a 
surface may be paand nnder a 
with fine glass-paper. It wiC be 
when the grain is pnticBluihr 
sur^uK with a sponge " to 
to apply the gkafr-fn^er. 
for polishing with wax, cr for mfing or 
good appearanee of 1^ vmk will be jl 
time and trooble ezpeaded in lifae 

In deaning deal, Ike 
for the remoral of glne left w|nn ike j 
the work, as already <Wfribed, Tins baqg 
work may be cleaned off vidi a fieee rf 
has been rubbed with diaDc, or, in 
piece of hearthstone. The work is then ready fior 
painter ; but, as there are knots and other 
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turpentine contained in the wood is apt to ooze ont, either 
with or without the increase of heat, and thus spoil the 
appearance of the finishing, those parts are done over with 
a composition, and the process is called priming. This is 
properly the painter's business ; but it must sometimes be 
done by the joiner for the sake of saying his work. The 
composition used for this purpose is made with red lead, 
size, and turpentine, to which is sometimes added a small 
quantity of linseed oil. Priming has also the advantage 
of preventing the knots from being seen through the 
paint. Some workmen omit, in this composition, the oil 
and the turpentine, but the size of itself is apt to peel off, 
and does not thoroughly unite itself with the wood. 

Another method of cleaning-off deal is sometimes 
adopted. When the surface has been made quite smooth 
with the plane, it is rubbed with a piece of chalk, and the 
whole is cleaned with a piece of fine pumice-stone, as in 
the former process it was done with glass-paper; but, if the 
grain should be still rough, the work may be damped with 
a sponge, and the operation repeated when dry. 

As, in finishing interior work, it is now customary to 
imitate the graining of different kinds of wood, it is neces- 
sary that the joiner's work should be well finished ; for, 
if a good, even surface be not provided, it will be impos- 
sible for the painter to produce the effect he desires. Every 
defect in the ground will, in fact, be more visible under a 
delicate graining than when the surface is covered with 
successive coats of colour; but, even in the latter case, 
work well prepared will not only look better, but the 
colour will not be so apt to chip and peel off as when the 
surface is not properly levelled. 
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To make Glass or Sand Paper. 

As the paper used in cleaning off wood-work is of great 
service to the joiner, it may be necessary to give an account 
of the manner in which it may be manufactured, should 
the workman be ever placed in circumstances where it 
cannot be purchased. Take any quantity of broken glass, 
(that with a greenish hue is the best,) and pound it in an 
iron mortar. Then take several sheets of paper, (fine car- 
tridge is the best,) and cover them evenly with a thin coat 
of glue, and, holding them to the fire, or placing them 
upon a hot piec^ of wood or plate of iron, sift the pounded 
glass over them. Let the several sheets remain till the 
glue is set, and shake off the superfluous powder, which 
will do again. Then hang up the papers to dry and harden. 
Paper made in this manner is much superior to that gene- 
. rally purchased at the shops, which chiefly consists of fine 
sand. To obtain different degrees of fineness, sieves of 
different degrees of fineness must be used. 

As, in cleaning wood-work, particularly deal and other 
soft woods, one process is sometimes found to answer 
better than another, we may describe the manner of manu- 
facturing a stone-paper, which, in some cases, will be pre- 
ferred to sand-paper, as it produces a good face, and is 
less liable to scratch the work. Having prepared the 
paper as already described, take any quantity of powdered 
pumice-stone, and sift it over the paper through a sieve of 
moderate fineness. When the surface has hardened, repeat 
the process till a tolerably thick coat has been formed 
upon the paper, which, when dry, will be fit for use. 

To polish Wainscot and Mahogany. 
A very good polish for wainscot may be made in the 
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following manner: — Take as much beeswax as reqaired| 
and, placing it in a glazed earthen pan, add as much spirits 
of wine as will cover it, and let it dissolve without heat. 
Add either one ingredient, as required, to reduce it to the 
consistence of butter. When this mixture is well rubbed 
into the grain of the wood, and cleaned off with clean 
linen, it gives a good gloss to the work. 

Another polish may be made in the following manner: 
Take of the best linseed oil one quart, to which ad(^ half 
a pint of the best spirits of turpentine, and a piece of 
lime about the size of a cricket-ball, broke in pieces. Let 
the mixture simmer on a stove, covered over, for two or 
three hours, then strain it through a coarse cloth, and it 
may be kept for use or used immediately. It must be 
put on the work with a brush, and allowed to remain for 
about four-and-twenty hours, after which it should be 
rubbed off with a woollen cloth, and the work be finished 
with a clean piece of linen. 

If the colour is to be heightened, as well as a polish to 
be given, a varnish may be used, which is made in the 
following manner : — ^Take one quart of linseed oil and half 
an ounce of litharge, and let them simmer for an hour or 
two, and afterward strain off the compound. Then take 
about half a pint of spirits of turpentine, and add to it as 
much pounded turmeric as is sufficient to give the colour 
required. When this has been strained off, it may be 
mixed with the oil, and used in the same manner as the 
one just described ; but, if the process be repeated two or 
three times, a day or two intervening between each appli- 
cation, the effect will be increased. 

A good polish for mahogany may be made in the fol- 
lowing manner : — Take of linseed oil one quart, alkanet 
root one ounce^ and rose pink half an ounce ; stir them 
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well together, and place them near the fire to simmer 
gently for an hour or two; then strain off into a clean pan. 
Apply the polish with a brash, and let it remain for about 
half an hour. Then take of the finest red brick-dust, 
sifted through a cloth, and dust it over the work. A 
piece of woollen cloth should be used in polishing, the 
wood being rubbed in the direction of the grain. A clean 
linen cloth and saw-dust should be used in finishing. 

In the remarks we ha^e made upon the works per- 
formed by the carpenter and joiner, we have attempted to 
confine our attention to those facts which seemed to be 
most important for the student or the young workman ; 
but, at the same time, we have not satisfied ourselves with 
a mere statement, but have endeavoured to explain the 
principles upon which the practice is founded. 
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THE MASON. 

The business of the mason has been properly divided 
into two parts, one having relation to the substantial 
work of a building, the other to the ornamental. We 
shall not divide our remarks upon the art of masonry into 
two sections, for the purpose of retaining this classifica- 
tion, but, by keeping this arrangement in mind, we shall 
perceive what is necessary to be said, and the relative im- 
portance of the several subjects which come under con- 
sideration. The mason must know something of the qua- 
lity of the stone he employs, its fitness for the purposes he 
requires, and the dimensions necessary to give firmness 
and durability to his work, at the same time securing the 
greatest possible strength with the least quantity of ma- 
terial. He must also know the various methods of plac- 
ing the stones, so as to get a proper joining, and whether 
they are to be held together by cement, cramps, or other- 
wise. These subjects are equally important to all workmen 
engaged in this department of building ; but the man who 
professes to execute ornamental work in stone musi; study 
how he can make all the parts of his work harmonize or 
bear a just proportion to each other, and must pay parti- 
cular attention, and especially in works directly under the 
eye, to the accuracy and finishing of the several mould- 
ings and ornaments which he is called upon to execute. 
This branch of maspnry is allied to statuary, in which the 
more costly materials, such as marble and porphyry, are 
used. 

We shall commence our observations on the art of 
working in stone by an allusion to the nature of the ma- 
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ierials tliemselyes, and describe the different kinds of 
stone and marble used in building; and then offer some 
hints with regard to the several purposes to which they 
are best adapted^ and the manner in which they are 
worked. 

The stones used in building may be properly divided 
into two kinds, those of a sandy or gritty texture, which 
are incapable of bearing a polish; and those of a tex- 
ture more compact and hard, which are capable in a greater 
or less degree of being wrought to a very smooth &ce 
and polished. The former are generally called stones, and 
the latter marbles; the former are used for out-door work, 
where expense both of material and workmanship must 
be prevented as far as possible : the latter, for those orna- 
ments and conveniences within doors — such as slabs and 
chimney-pieces — ^in which appearance is more considered 
than necessity. 

Every country has its building-stone, but the suitability 
of that stone depends upon the geological series which 
happens to appear upon the surface. It is very important 
to every community that there should be, near to the lo- 
cality in which it is settled, some mineral substances 
adapted for the purpose of building. It is much to be re* 
gretted that in the establishment of colonies this has not 
been sufficiently attended to; and the people are conse 
quently denied, not only those elegancies which add so 
much to the comfort of civilized life, but also the nc>ces- 
sary material for an enduring structure. In such a place 
there can be nothing in the external character of a city that 
has a claim to an existence that can be called duration, but 
a few short years must give an entirely new appearance to 
all the structures, and to the city itself. Such a state of 
things is very likely to repress those arts which ought f 

10 
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be encouraged, and make society at large indifferent to 
those comforts which can* only be obtained with great ex- 
pense, and are constantly in danger of being removed by 
casual circumstances, or the ordinary process of decay, to 
which the very sources of comfort are exposed. 

England is most advantageously situated, in a geological 
sense. There is no tract of country in the world,- of equal 
extent, that has such vast reservoirs of coal and metal, 
and there is none that has so much and so good building- 
stone. Our marbles may not be so fine as those of Italy, 
but our building-stones are good, and may be obtained at 
a comparatively trifling expense. The great improvements 
which have been made in the construction of bricks, and 
their strength and efficiency, have tended to do away with 
the necessity for the use of stone. We have, however, 
many evidences of the great antiquity of the art of build- 
ing in stone. There are in existence not only remains, but 
entire buildings of very ancient date, built entirely of stone; 
and many of these are objects of wonder even at the present 
day, some from the elegance of their forms, and others from 
the immense size of the materials of which they are con- 
structed. But as we have more to do, in this little volume, 
)^ith that knowledge which may be applied to practical pur- 
poses by the reader himself than theoretical opinions or 
past practices, we must confine our remarks to those sub- 
ject's which may be useful to the student. 

The stones most commonly used in England for heavy 
masonry are the Reigate stone, Purbeck stone, Freestone, 
Porthmd stone, and Granite. 

Eeigate, or fire-stone, is a freestone capable, as its name 
imports, of withstanding the effects of fire, and is there- 
fore used in all those parts of a building where it is ex- 
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posed to its action, such as hearths, ovens^ and stoves. It 
is chiefly obtained from Sussex. , 

Purbeck is a hard grayish stone, and is chiefly used for 
pavements. It is capable, from its very compact texture, 
of being wrought to a very smooth face, and will bear a 
slight polish. 

There, are several kinds of freestone, and they are ob- 
tained in di£ferent places. When first taken from the 
quarries, freestone is, in general, very soft, but by expo- 
sure to the atmosphere becomes much harder. It may at 
first be easily out with a common saw, and may be worked 
almost as easily as a piece of timber ; but after exposure 
to the atmosphere for a few weeks, it becomes very hard. 
Bath stone is one of the best freestones obtained in this 
country, and is preferred to all others when it can be pro- 
cured at a moderate price, for it has, in an eminent de- 
gree, the property of hardening by exposure to the air, 
and is not apt to chip and peel as many others are. It is 
a fine sandy grit of a whitish colour, and, from the ease 
with which it is worked, is well adapted for chimney- 
pieces, jambs for windows and doors, the dressings of 
windows, and for other external work. 

Portland stone is somewhat similar to the Purbeck, but 
softer and whiter, is raised in much larger blocks horn the 
quarry, and is of very extensive use in building ; it will 
not; however, stand the fire, but well endures the vicissi- 
tudes of the weather. It is, perhaps, the best common 
stone for building, having sufficient hardness, durability^ 
and equality of texture, for every purpose in * building ; 
added to which, its comparative cheapness, and the large 
size in which the blocks are, or may be xaised, make it 
vastly superior to the Purbeck, 

Granite has of late been very much used in buildingi 
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particularly where strength and durability are required* 
This stone has a very hard crystalline structure, and re* 
sists the usual methods of working. It is reduced to the 
form required; by pecking; with a kind of hammer; some* 
what similar to a pickaxe. It is found.in large quanti- 
ties in many parts of the west of England; particularly 
in that district called Dartmoor; near Plymouth; though 
it is a prevailing rock throughout Cornwall. It also 
abounds in many parts of Scotland ; that brought from 
Aberdeenshire is much esteemed. This stone is particu- 
larly valuable in those situations where there is much 
wear; as, for instance; in the steps of public buildingS; the 
curbstones of pavements; the pavement or carriage-way 
of roads; and the piers of bridges. Waterloo and London 
bridges are almost wholly composed of granite, both of 
which will long remain as monuments to the skill and 
talent of the architects who designed and constructed 
them. 

It is impossible to give any classification of the stones 
which; from their beauty as well as their costliness; are 
adopted by architects as the proper ornaments of the in- 
terior of buildings. They are all known by the general 
term marble, but although they may all be brought to a 
fine polish; having a great hardness and firmness of tex- 
ture, they differ from each other in structure; and in 
colour, and are known by specific names; thus we have 
the Italian, Egyptian, and other marbles; the porphyry 
statuary, and alabaster; but all possess common properties, 
though they differ in colour and in texture. 

There are some defects in marbles which diminish their 
beauty and consequently their value, while at the same 
time they add to the difficulty of working them. When 
a marble has an excessive closeness of texture, which ren 
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den it hard to work and apt to splinter, such as the black 
marble of Namure, it is said to be rigid. Thready marble 
is that which is full of filaments, and may be compared to 
wood of a soft and cross grain ; this defect renders it dif- 
ficult to work or polish. Brittle marble is that which 
crumbles under the tool ; such are the white Grecian and 
Pyrenean marbles. Terras marbles are those which have 
some places softer than others, or those in which the tex- 
ture is not equal throughout its substance; such is the 
Languedoc marble. There are also two general defects 
common in marbles and worthy of mention, which, in- 
creasing the difficulty of cutting and polishing, are well 
known to workmen : one they call nails, which may be 
compared to the knots in wood ; the other they call emerilj 
which is occasioned by a mixture of copper or some other 
metal in the substance of the marble : this defect is com- 
mon to white marbles, and knots to all. 

We may be here permitted to recommend to the atten- 
tion of the reader a very fine collection of the British mar- 
bles exhibited in the great room of the Society of Arts, 
among which will be found some equal in beauty to the 
finest Italian ; and we do hope that the encouragement 
given, and the rewards offered to investigators, will be the 
means of bringing to our notice as fine quarries in the 
British dominions as those in the Italian states. 

Of the different kinds of Masonry • 

Masonry, in the general acceptation of the term, is the 
art of cutting or squaring stones, to be applied to the 
purposes of building ; or, in a more limited sense, it is the 
art of joining stones together with mortar, or otherwise. 

The ancients enumerate seven different methods in 
which they arranged the stones of their buildings. Yitru- 
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Tins thna clames them ; thru of hewn or squared siosMlf 
three of uDhewn, and ooe a mixtore of both methods. 
1. Net masonr;. Tbb is topresenlAd ia Fig. 83 vitiuii 




the area n e f a, where the stones are squared and pla«ed 
upon one of the angles, their joints thus forming a net- 
like appearance. This method, thongh very neat, is want- 
ing in firmness and strength ; for the obliqne position of 
the stones in regard to each other, givea them a tendeno]' 
to separate rather than to form a oompaot aasemblage of 
parts that unite in supporting each other. Whenever this 
form of masonry is employed, it is conseqaeptlf necessary 
to keep the work together b; a border of stones having 
some other arrangement — one that is not only capable of 
supporting itself, but of overcoming the resistance of the 
net-like form. This is shown in the same figure at abo; 
and where the network is merely a casing of stone to the 
brickwork of a wall, it vritl be found to auswer tolerably 
well, and looks very neat. 

2. Bound masonry ia that represented in Fig. 34, and 
ia remarkably strong. The perpendicular joints in each 
course fall directly in the middle of the atones composlog 
the course below and above it; and while it has every re- 
quisite of solidity, the joints have, at the same time, a 
regular and pleasing appearance. 
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Fig. 84. 



Fig. 36. 
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8. Greek masonry is that represented in Fig. 85, where 
every alternate stone, as shown at A d, e f, and B o, is 
made of the whole thickness of the wall, and serves to 
bind together the stones which compose the external and 
internal faces of the building; and this may be called 
double binding, as from the perpendicular joints being 
somewhat similarly situated to that in bound masonry, it 
has also an additional binding, by extending to the courses 
above and below it, thus forming a compact and durable 
wall, which resists ev^y effort to separate in any direction. 

4. Masonry by equal courses. This method of uniting 
stones is shown in Fig. 36, and only differs from the bound 

Fig. 36. 
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masonry in its being composed of unhewn stones, or rather 
in being formed of stones that are not so accurately cut, 
nor the edges so perfectly squared \ it being only necessary 
that the external face should be level, and the horizontal 
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joints at equal distances from each other, care being taken 
at the same time that the perpendiculars are so situated 
as to bind the courses above and below them. 

5. Masonry by unequal courses. This is represented 
in Fig. 37| and is, like the last, formed of unhewn stoneS| 

Fig. 87. 




without any regularity as to their size, it being sufficient 
that each course is made to bind with the preceding, and 
the only regularity observed is in the joining which sepa- 
rates each course, the courses themselves being of unequal 
thickness, as shown at A B o D. 

6. Masonry filled up in the middle, as shown in Fig. 38, 
is formed of unhewn stones of unequal courses, and the 
middle, as at D, is filled up with stones thrown in at ran- 
dom among the mortar. 



Fig. 38. 



Fig. 39. 
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7. Compound masonry is, as its name imports, a mix- 
ture of the other kinds. It is represented in Fig. 39, 
where the external course a b is formed of bound masonryi 
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and tke corresponding internal coarse is at some distance 
from it, but held to the former by means of iron cramps^ 
as shown at a, h, c, d, e, f, the space between being filled 
in with small stones or flints thrown into the mortar. 

The Methods of Joining SUme, 

As the strength and durability of masonry depend as 
much on the method employed, and the care taken in 
making all the joints to correspond accurately with each 
other, as in the quality of the material employed, some 
remarks will be required in explanation of the methods of 
joining stone. We shall, therefore, enumerate the several 
means adopted by workmen, and, where necessary, notice 
the purposes to which each method is best adapted, giving 
some cautions to secure success in practice, and to save 
the workman unnecessary labour and trouble. 

The joints in masonry are either secured by the means 
of mortar, cement, or plaster of Paris, or the courses are 
held together by cramps, joggles, mortise and tenoning, or 
dovetailing. 

1. Joining by mortar, or cements. It is absolutely 
necessary that the joints should be perfectly smooth, and 
touch in every part ] and the stones must be so square as 
to bed well on each other, that is to say, they must 
not have such irregular faces as to roll, or, in technical 
terms, be winding to each other. The greatest care must 
be taken by the workman to have his mortar of a proper 
consistence — not too thin, as in drying it would shrink 
from the work, nor too thick, for that would prevent the 
stones from bedding properly. The best way in irregular 
masonry, or in that composed of small stones thrown, as 
it were, between the regular work, as in compound ma- 
sonry, is to saturate fresh lime with water; and, while hol^ 
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to poor it on the work, which hardens and consolidates the 
whole into one solid mass. This method is much used in 
joining soft stones and brickwork; and is calculated to 
promote the strength and solidity of the work. 

2. Joining by cramps. Cramping is performed by in- 
serting into the two pieces of stone, which are to be bound 
together, a piece of iron or some other metal, the ends of 
which, bent at right angles, are inserted in a cavity cut in 
each stone, the cavities being so large as to admit the iron 
easily ; melted lead is then poured in to fill the vacant 
space, and, when cold, a chisel is driven into it, so that it 
may press close to the work ; for all metals expand by 
fusion, and obstacles may prevent them from contracting 
in cooling. 'Cramps composed of copper are, in many 
cases, very preferable to those made of iron, for they are 
less likely to oxidize, or rust, or to be affected by the lime 
or mortar. It would be of advantage to coat the cramps, 
if made of iron, with some substance that would defend 
them from the effects of damp. We may here remark 
that the channel made to receive the cramp should be 
dovetailed, to prevent the lead from coming out, which it 
is otherwise apt to, in the course of time. The only ob- 
jection to the use of copper cramps, in preference to iron, 
is their expense, which in large public works is not of any 
importance, and, for common purposes, iron answers very 
well ; but the more malleable or tough the iron the better 
it is, as it is more calculated to resist the different temper- 
atures to which the work may be exposed. 

3. Joining by joggles. The method of securing the 
joints of masonry by means of joggles is chiefly adopted 
for securing the joints of columns or pillars ; and consists 
in sinking a cavity in the two pieces in such a manner as 
to make them correspond with each other, and inserting 
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in that cavity a piece of metal^ stone; or even wood; so 
that any lateral thrust may not be able to separate them. 
This method may^ with very great advantage; be applied 
in the construction of domes, and works of the same nar 
turc; where it is necessary to avoid the lateral thrust as 
much as possible. 

We may here take the opportunity offered to uS; of 
mentioning a plan proposed by Dr. Hutton, in his edition 
of Oznamare's Mathematical Recreations; for taking away 
the lateral thrust of domes and cupolas. The following is 
the problem proposed; and the solution given. (Vol. iii. 
p. 341.) 

^* How to construct a hemispherical arch, or what the 
architects call an arc en oul-de-four; which shall have no 
thrusts on its piers. 

** Let A. B; Fig. 40; be two contiguous voussoirS; which 

Fig. 40. 




we will suppose to be three feet in length; and eighteen 
inches in breadth. Cut out on the contiguous sides two 
cavitieS; in the form of a dovetail; four inches in depth; 
with an aperture of the same extent, a 5, five or six 
inches in length; and as much in breadth. This cavity 
will serve to receive a double key of cast-irou; as shown 
in S'ig. 41; or of common forged iroU; which is still more 

Fig. 41. 
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iecnre, as it is not so brittle. These two TOussoirB will 
thus be oonneoted together in snoh a manner that they 
cannot be separated without breaking the dovetail at the 
re-entering angle ; but, as each of its dimensions in this 
place will be four incheS| it will be easily seen that an im- 
menjse force would be required to produce that effect; for 
we are taught, by well-known experiments on the strength 
of iron, that it requires a force of four thousand five hun- 
dred pounds to break a bar of forged iron an inch squarOf 
by the arm of a lever of six inches ; consequently, two 
hundred and eighty-eight thousand pounds would be 
necessary to break a bar of sixteen square inches, like 
that in question. Hence there is reason to conclude that 
these vouBsoirs will be connected together by a force of 
two hundred and eighty-eight thousand pounds ', and aa 
they will never experience an effort to disjoin them nearly 
so great, as might easily be proved by calculation, it 
follows that they may be considered as one piece." 

They might be still further strengthened in a very con- 
siderable degree, for the height of these dovetails might 
be made double, and a cavity might be cut in the middle 
of the bed of the upper voussoir, fit to receive it entirely: 
the dovetail could not then be broken without breaking 
the upper voussoir also ; but it may be easily seen that, 
to produce this effect, an immense force would be re- 
quired. 

The second method proposed by Dr. Hutton is more 
properly by the aid of joggles. Let a and b, Fig. 42, be 

Fig. 42. 
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two contiguous voussoirs, and o, Fig. 43, the inverted 
voussoir of the next course, which ought to cover the 

Fig. 48. 




joint between A and b. Each of the voussoirs A and b 
being divided into two parts, as a 5 and c d ) then if at 
a h and c dwe sink an hemispherical cavity, in which to 
introduce a globe of very hard marble, and in the upper 
voussoir. Fig. 42, we sink similar cavities, h c : this, when 
laid on h c. Fig. 43, will form a secure joint without any 
lateral thrust ; and the two courses cannot be separated 
without a force adequate to either break the solid stone, 
or disunite the marble globe ; a force almost inconceiv- 
able, or at least one far superior to that produced by the 
arch ; the whole dome, or cupola, is, in fact, one solid 
mass, and can exert no lateral thrust upon the walls on 
which it is raised. Marble globes are recommended, be- 
cause iron is liable to rust ; but, if the joggles were made 
of iron, and covered with pitch before they were placed in 
the cavities, there would be little to fear from rust; and 
particularly as the iron is enclosed in the substance of the 
stone, and quite excluded from the action of atmospheric 
causes. 

Little need be said in this place as to mortising and 
tenoning, or dovetailing, except that they differ slightly 
from the same operations in joiners' work ; for, as cement 
is used in the joining, they need not be so accurately cut, 
and are made shorter and thicker than those formed by 
the joiner, it being suj£cient that the parts of each piece 

11 



122 THE builder's companion. 

to be joined enter into each other at most five or six 
inches, even in large masses of stone. In small pieces, mn* 
inch or an inch and a half is sufficient ; for, if the tenon 
or dovetail be too long, it will decrease the solidity of the 
joint. For greater security, a small channel is frequently 
cut in the shoulder of the joint, and melted lead is poured 
into it, which, filling up the space round the tenon or 
dovetail, makes the joint more secure, and the work firm 
and solid. 

In laying some sorts of stones, particularly Portlandy 
Bath, and Gloucester, it is desirable, as far as possible, to 
place them in the same direction as they had when in the 
quarry, or, as it is termed by workmen, bedways of the 
stone ; for, if laid in other directions, they are liable to 
peel and split by the action of the atmosphere. 

Having taken a general view of the materials employed 
by the mason, and the manner in which he uses them, we 
may proceed to explain the manner in which he polishes 
his work, or removes those stains and injuries to which 
highly polished marbles are subject. 

To clean or polish Marble, 

If the stone or marble be rough from the tool or the 
saw, it will be necessary, first of all, to smooth the surface, 
by rubbing over it, backward and forward, another piece 
of stone, which is usually fixed to a wooden handle, to give 
the workman a greater power over it. The polisher begins 
by sprinkling over the work a coarse grit, moistened with 
water, as required; this is washed off when a regular 
though rough surface has been obtained ; and the process 
is repeated with a finer sand, till all the marks of the 
previous rubbing are removed ; a still finer sand, or some 
fine emery-powder, may then be used, and the process 
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continued until a perfectly level surface^ fit for polishing, 
is obtained. The first process in polishing is to rub the 
surface with fine flour of emery, by means of a piece of 
felt, fixed on a board with a weight attached to it. A 
thick cloth, called fearnought by workmen, is sometimes 
substituted for the felt, and is much better. After this 
operation, take a fresh piece of felt, and apply putty- 
powder in the same manner as the emery had been before 
used ; first with water, if it should be necessary, and then 
without, which will produce a fine polish. Some workmen 
use rotten-stone, others tripoli, and finish with fine flour, 
on a piece of buff leather. 

Another method of polishing is that called the Italian. 
After the work has been levelled with sand and water, as 
already described, it is finished with a piece of lead having 
a surface that corresponds with that of the work to be 
polished. Beginning with the coarser emery, the workman 
proceeds by degrees to those which are finer ; and finishes 
with calcined tin and a piece of leather. 

When the marble is very hard, and is capable of bear- 
ing a very high polish, another method may be adopted. 
After taking out all the marks left by the stone and sand, 
the workman may use a fine pumice-stone, and rub it 
until every scratch disappears, and then polish it in the 
usual way with tripoli-powder. After this has been done, 
to give it a higher glos^, prepare a tool of the shape re- 
quired, from a piece of lime-tree wood, and on it spread, 
evenly, a coat of pitch, moistened with a few drops of 
vinegar, and a powder made in the following manner : four 
parts of tripoli, with one of blue vitriol, both ground very 
fine. When the polish is nearly obtained, fresh powder 
must not be added to the tool. In this manner, if pro- 
perly managed^ a polish equal to that of a mirror may be 
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obtained, and although more troublesome than other 
methods, yet the effect produced amply repays for the 
care and trouble bestowed. 

To dean Marble. 

All marbleS; and especially the statuary and light- 
veined ones, are very liable to be stained, haying a 
natural tendency to imbibe the colouring matter of vege- 
table and mineral substances. Even when a polished 
marble is packed in hay or shavings, it is by no means 
safe, but is in much danger of being spoiled. For want 
of sufficient care, chimney-pieces, and other ornamental 
marbles, are very frequently stained and discoloured ) it 
may, therefore, be desirable that we should explain 
some of the methods by which these injuries may be 
removed. 

To clean marble, mix quicklime with soap -lees, so as 
to form a mixture having the consistency of cream, and 
apply it immediately with a brush. If this composition 
be allowed to remain for a day or two, and be then washed 
off with soap and water, the marble will appear as though 
it were new. 

To extract grease or oil from stone or marble, make a 
strong lye of pearlash and water, and adding unslacked 
lime, allow it to settle, and pour it off for use ; or it may 
be kept for a long time if placed in a bottle and well 
corked. Place a little upon any grease-spot, and after 
it has remained for a few minutes, wash it off with clean 
water. 

Stains may frequently be taken out by a very simple 
process, but it does not always succeed, and then one or 
the other of the former methods may be tried. Take 
any quantity of whiting and mix it with good soap-lees. 
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until it has the consistency of cream or thin paste ; then 
lay it evenly on the stained part with a brush, and after 
it has remained for a few days wash it off; and repeat the 
process if the stain be not quite removed. 

Iron-mould and ink-spots may be taken out in the fol- 
lowing manner: — ^Take half an ounce of butter of antimony 
and one ounce of oxalic acid, and dissolve them in a pint 
of rain-water, add flour, and bring the composition to a 
proper consistence. It may be applied in the same man- 
ner as the composition already described. 

Cements. 

Wo have already spoken of cements used by the 
bricklayer, and. as the same are employed by the mason, 
we refer the reader to that part of the work in which 
they are described. There are some few which are 
serviceable to the mason, and are not employed by the 
bricklayer — to these it will be necessary to refer in this 
place. 

A delicate cement for small work may be made in the 
following manner : — Take half a pint of milk, and when 
it is near boiling, add vinegar, until a curd is formed, 
then strain off the whey, and add to it the white of four 
or five eggs, and, when well mixed, sift quicklime into it, 
stirring it all the while, until it has the consistency of 
paste. For small work, and for joining pieces broken off, 
this cement is well suited, for it resists the action of both 
fire and water. 

There is a hot cement which is very useful for stopping 
flaws or holes, and may be made of the same colour as the 
marble or stone, by mixing a colour with it, or the powder 
of the stone itself. It is also used for veneering, or fixing 
costly marbles on those less valuable, and for inlaying 
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and mosaic work. It may be made in the following 
manner : — Melt half a pound of beeswax and a quarter of 
a pound of powdered resin together in a pipkin^ and to 
these add an ounce of finely powdered chalky and an ounce 
of fine brick-dust or sand of the colour required. Let the 
whole composition simmer together for a quarter of an 
hour, keeping them constantly stirred, and use the com- 
position while hot. The stones to be cemented must be 
moderately warmed before the cement is applied. 

To make a suitable cement for small work, take any 
quantity of oyster-shells and calcine them, and grinding 
them very fine, sift the powder through a piece of fine 
muslin ; to this add the whites of a sufficient number of 
«ggs to form a paste. 
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THE PLASTERER. 

In speaking of the work executed by the plasterer, we 
must refer to some of the most important facts which re- 
late to the spreading; evenly and smoothly, on the exter- 
nal and internal surface of walls, and on ceilings, a com- 
position known as mortar or cement. The plasterer has 
also to execute all those decorative and ornamental parts 
of a building which are intended to imitate statuary or 
carving, and these require not only the use of well-selected 
materials, but also an accurate execution. If there be one 
department of the art of building in which the modem 
style exceeds the ancient, it is in plasterer's work, for it 
has risen to that excellence which may almost warrant us 
in calling it perfect. Interior work is so executed that, 
with the aid of colour, it resembles stone; and the fstucco 
which is applied to the exterior, if properly executed, rivak 
the more solid material in beauty as well as in durability. 

The plasterer's work differs very much from the works 
already described, for he has no occasion to study the in- 
fluence of his work upon others, so far at least as strength 
is concerned. His duty is to cover the naked timbers and 
brick-work in ceilings and walls, and to give such a face 
to his work as shall be suited to the. painter or the paper- 
hanger. Supposing him to be a good workman, there are 
only two things which require his attention — ^the purity 
of his materials, and the accuracy of his tools. The plas- 
terer must be careful that all his trowels and stopping 
and picking-out tools be cleaned after use, so that rust 
does not form upon their* face and injure the work; and 
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that his straight edges and moulds are fit to ezeoate the 
work for which they were intended. 

We may here mention that it is of some importance to 
the plasterer to be acquainted with the art of designing 
ornaments belonging to his own work, mouldings, foliage^ 
and figures; and it is even more important for him to 
acquaint himself with the art of modelling in clay, which 
is one of the greatest assistants he can engage. The art 
is, in itself, worthy attention, and would be highly valu- 
able to a person who only sought to obtain, by its means, 
amusement and a knowledge of forms ; but the plasterer 
will find it useful, for it will give him a readiness in 
finishing the returns and mitres of his work where moulds 
cannot be used. All that we can do in this chapter is to 
explain the several compositions, and the manner in 
which they are used for the purpose of assisting the 
young workman as much as possible. 

Coarse Stuff, 

Coarse stuff, or lime and hair, as it is sometimes called, 
is prepared in the same way as common mortar, with the 
addition of hair procured froin the tanner, which must be 
well mixed with the mortar by means of a three-pronged 
rake, until the hair is equally distributed throughout the 
composition. The mortar should be first formed, and 
when the lime and sand have been thoroughly mixed, 
the hair should be added by degrees, and the whole so 
thoroughly united that the hair shall appear to be equally 
distributed throughout. 

Fine Stuff, 

This is made by slaking lime with a small portion of 
water, after which so much water is added as to give it 
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the consistence of cream. It is then allowed to settle for 
some time^ and the superfluous water is poured off; and 
the sediment is suffered to remain till evaporation reduces 
it to a proper thickness for use. For some kinds of work 
it is necessary to add a small portion of hair. 

Sttuxo/ar inside of Walls, 

This stucco consists of the fine stuff already described^ 
and a portion of fine washed sand, in- the proportion of 
one of sand to three of fine stuff. Those parts of interior 
walls are finished with this stucco which are intended to 
be painted. In using this material, great care must be 
taken that the surface be perfectly level; and to secure 
this it must be well worked with a fioating tool or woodep 
trowel. This is done by sprinkling a little water occa- 
sionally on the stuccO; and rubbing it in a circular direc- 
tion with the float; till the surface has attained a high 
gloss. The durabib'ty of the work very much depends 
upon the care with which this process is donC; for if it be 
not thoroughly worked; it is apt to crack. 

Gauge Stt^. 

This is chiefly used for mouldings and cornices which 
are run or formed with a wooden mould. It consists of 
about one-fifth of plaster of Paris, mixed gradually with 
four-fifths of fine stuff. When the work is required to 
set very expeditiously; the proportion of plaster of Paris 
is increased. It is often necessary that the plaster to be 
used should have the property of setting immediately it 
is laid on; and in all such cases gauge stuff is used; and 
consequently it is extensively employed for cementing 
ornaments to walls or ceilingS; as well as for casting the 
ornaments themselves. 
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Bailees Oompo. 

The plaster or stucco known under this name is com- 
posed of three parts of Dorking lime, and one part of fine 
washed river sand. These ingredients are well mixed 
together in a dry state and put into casks, to prevent the 
access of the air. When required for use, it is first mixed 
with water to the consistence of thick whitewash, and 
applied with a stiff brush, as a ground, preparatory to 
spreading the wall with a mortar of sufficient thickness. 
The mortar is floated, that is, well rubbed with the wooden 
float, or the trowel, sprinkling it occasionally with water; 
till the surface is quite smooth and level. 

* Higgin^i Patent Stucco, 

The stucco invented by Dr. Higgins is seldom, if ever, 
employed, as much from the trouble as the expense of 
making it. To fifteen pounds of the best stone lime add 
fourteen pounds of bone ashes, finely powdered, and about 
ninety-five pounds of clean, washed sand, quite dry, 
either coarse or fine, according to the nature of the work 
in hand. These ingredients must be intimately mixed, 
and kept from the air till wanted. When required for 
use, it must be mixed up into a proper consistence for 
working with lime-water, and used as speedily as possible. 

Parher^s Cement. 

This cement, which is perhaps the best of all others foi 
stucco, as it is not subject to crack or flake off, is now 
very commonly used, and is formed by burning argil- 
laceous clay in the same manner that lime is made; it is 
then reduced to powder, by the process described in a 
previous part of this work. The cement, as used by the 
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plasterer, is sometimes employed alone, and sometimes it 
is mixed with sharp sand; and it has then the appearance 
and almost the strength of stone. As it is impervious to 
water, it is very proper for lining tanks and cisterns. 

Samelein*8 Cement, 

This cement consists of earthy and other substances 
insoluble in water, or nearly so; and these may be either 
those which are in their natural state, or haye been manu* 
factured, such as earthenware and china ; those being al* 
ways preferred which are least soluble in water, and have 
the least colour. When these are pulverized, some oxide 
of lead is added, such as litharge, gray oxide, or minium, 
reduced to a fine powder ; and to the compound is added 
a quantity of pulverized glass or flint stones, the whole 
being thoroughly mixed and made into a proper con- 
sistence with some vegetable oil, as that of linseed. This 
makes a durable stucco or plaster, that is impervious to 
wet, and has the appearance of stone. 

The proportion of the several ingredients is as follows : 
To every five hundred and sixty pounds of earth, or earths, 
such as pit sand, river sand, rock sand, pulverized earthen- 
ware or porcelain, add forty pounds of litharge, two pounds 
of pulverized glass or flint, one pound of minium, and two 
pounds of gray oxide of lead. Mix the whole together, 
and sift it through sieves of diflerent degrees of fineness, 
according to the purposes to which the cement is to be 
applied. 

The following is the method of using it. To every 
thirty pounds weight of the cement in powder, add about 
one quart of oil, either linseed, walnut, or some other 
vegetable oil, and mix it in the same manner as any 
other mortar, pressing it gently together, either by tread- 
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ing on it, or with the trowel ; it has then the appearance 
of moistened sand. Care must also be taken that no 
more is mixed at one time than is required for uso; as it 
soon hardens into a solid mass. Before the cement is 
applied, the face of the wall to be plastered should be 
brushed over with oil, particularly if it be applied to 
brick, or any other substance that quickly imbibes the 
oil ; if to wood, lead, or any substance of a similar nature, 
less oil may be used. 

Mcdthay or Greek Mastic, 

This is made by mixing lime and sand in the manner 
of mortar, and making it into a proper consistency with 
milk or size, instead of water. 

Wi/ch*8 Stwcco, 

Take, four or five bushels of such plaster as is com- 
monly burned for floors about Nottingham, or the same 
quantity of tarras, plaster, or calcined gypsum, and beat 
it into a fine powder. Then sift it into a trough, and 
mix with it one bushel of pure coal ashes, well calcined ; 
pour water upon it gradually until the whole mass has 
the consistencey of mortar. 

Plaster in imitation of Marhk. 

The plastering to which we refer is called scagliola, 
and was introduced into this country from France by the 
late Mr. Holland. This species of work is exquisitely 
beautiful when done with taste and judgment, and is so 
like marble to the touch, as well as appearance, that it is 
scarcely possible to distinguish the one from the other. 
We shall endeavour to explain its composition, and the 
manner in which it is applied; but so much depends upon 
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<lie workman^s execution, that it is impossible for anybne 
to sneceed in an attempt to work with it without some 
practical experience. 

Procure some of the purest gypsum, and calcine it until 
the large masses have lost the brilliant sparkling appear- 
ance by which they are characterized, and the whole mass 
appears uniformly opake. This calcined gypsum b re- 
duced to powder, and passed through a very fine sieve, 
and mixed up, as it is wanted for use, with Flanders' glue, 
isinglass, or some other material of the same kind. This 
solution is coloured with the tint required for the scagliola; 
but when a marble of various colours is to be imitated, the 
several coloured compositions required by the artist must 
be placed in separate vessels, and they are then mingled 
together in nearly the same manner that the painter mixes 
his colour on the pallet. Having the wall or column pre- 
pared with rough plaster, it is covered with the compo- 
sition, and the colours intended to imitate the marble, of 
whatever kind it may be, are applied when the floating is 
going on. 

It now only remains to polish the work, which, as soon 
as the composition is hard enough, is done by rubbing it 
with pumice-stone, the work being kept wet with water 
applied by a sponge. It is then polished with tripoli and 
charcoal, with a piece of fine linen, and finished with a 
piece of felt, dipped in a mixture of oil and tripoli, and 
afterward with pure oil. 

Gomposiiion. 

This is frequently used, instead of plaster of Paris, for 
the ornamental parts of buildings, as it is more durable, 
and becomes in time as hard as stone itself. It is of 
great use in the execution of the decorative parts of 
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arohiteotore, and also in the finifihings of pctare firameg^ 
being a cheaper method than oarying, by nearly eighty 
per cent 

It is made as follows : — Two pounds of the best whit- 
ing, one pound of glue, and half a pound of linseed oil 
are heated together, the composition being continually 
stirred until the different substances are thoroughly incor- 
porated. Let the compound cool, and then lay it on a 
stone covered with powdered whiting, and heat it well 
until it becomes of a tough and firm consistence. It may 
then be put by for use, covered with wet cloths to keep 
it fresh. When wanted for use it must be cut into pieces, 
adapted to the size of the mould, into which it is forced 
by a screw press. The ornament, or cornice, is fixed to 
the frame or wall with glue, or with white lead. 

Lime-wash, 

As this is the most common wash for walls, and is at the 
same time the cheapest, it is generally used for common 
work. But a very superior whitewash may be made with 
it, if proper care be taken in its preparation, for it is less 
apt to peel than those which are made with whiting and 
size. The following process will be found to answer the 
purpose : — ^Take a sufficient quantity of small pieces of the 
best lime, and pour clean water upon them, stirring the 
liquid for some time. Then let the solution remain for a 
few minutes, and pour it off into another vessel, leaving 
the heavy particles behind. Add more water, stirring it 
as before, and leave it again to settle. Then pour off the 
water from the top, and strain the whole through a very 
fine sieve, and keep it covered until wanted for use, when 
a sufficient quantity of water to reduce it to the proper 
consistence may be added. In using lime-wash, it is better 
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to put two thin coats on a wall than one thick one^ for 
the first coat has often a smeary and uneven appearance. 
With these precautions, a very superior lime-wash may be 
made, fit to be used for any kind of work, and not liable 
to the faults of the common wash. It is, however, neces- 
sary that care should be taken as to the cleanness of the 
wall or ceiling to which it is applied, and especially that 
it be not applied over a' coat of size, for then it is almost 
sure to turn yellow. 

PLASTERING. 

There are two ways in which internal plastering may 
be executed — on laths, or on walls ; in the latter case the 
laying on of the first coat is called rendering. With one 
or two remarks upon the manner of executing the work; 
according to circumstances, we shall close this* chapter. 

It has been already stated that plastering is sometimes 
formed upon laths. Laths differ in size, and in the quality 
of the wood of which they are formed. Laths are, in 
building, distinguished by their thickness; there is the 
single lath, the lath and a half, and the double lath, the 
single lath being about a quarter of an inch thick. The 
most serviceable lengths are three and four feet. The 
single lath is commonly used for partitions, the double 
lath for ceilings. Laths, of all kinds, are made of both 
Baltic and American fir, and of oak, the former being 
most commonly employed. 

The process of spreading the first coat of lime and hair 
over the partition or ceiling to be plastered is called lay- 
ing. Floating is that process by which a surface of plaster 
is made perfectly plane by means of an instrument called 
a float. Setting is a finishing process ; in the best work 
gauged stuff is used^ and in common work fine stuff. 
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^^^M^ttM three ooats of plaster are placed on a wall or 
**iU»|t% wid aometimes only two, so that the setting coat 
iw^ W «iih«r the second or the third. 

Wllh» Uid and sot, is a phrase, in plastering, signifyiiig 
l^v^wal wwk ; the coat of hair and lime with which the 
WlK« M^ oovered, and the coat of plaster mixed with a 
UhW )^«»l«r of Paris, which is floated for the purpose of 
vHt^i^lt a »mooth surface. When the first coat is laid 
v^ \l ¥» «i\unotinios worked over with a lath, so as to form 
;^ W>t Iftyr Ih^ nozt coat ; this is called pricking up. 

V^K» t^vvk up, float and set for paper, is three-coat 
«s^< |M(^^king up, floating, and finishing for paper. 

t!Mli<^«^ l« the first coat upon a naked wall ; thus we 
^\x vwActtvl iud sot; that is, a coat of coarse stu£f on 
hI^ ^tU^v4 w^)» <iud a coat of fine stuff upon it. 

\i^tft«J^ tlv^l» ittd sot, is three-coat work ; the first pro- 

\^«^ ^ Wx^ ^^ <^ <)^^ ^^ ^^^^ ^^^ ^^^^ 9 ^^^ second, 
^ ,^^ ^ ^y^l y\f Ih^ wnio composition, except that a little 

^ W^ % iiM^ I ^^ ^® ^^^ ^ ^^^^ ^^ ^^ ^^^^ ^^ 

*iw ' w^^wJl l^w^rks upon the composition of the 
' v^li ^wnsl by the plasterer, and the terms by 
^^ Jk-^ *i^ llWJ^Wtt according to circumstances, will, it 
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^,^^^, ^ ^udout. But he will perhaps forgive 

^ ^ %^^ i^ wny profit if he should be induced 

^XiM^ tl U an unworthy pride to prefer 

JkMt ^1^^ ^^ ^y asking for information. 

j|M^ vho have been placed in circum- 

f>r the accumulation of know- 

^i^ Idling of delicacy, or from the 

w^^ljj^ iind proud spirit so often per- 

^li^^^ll^ so unworthy their years, 

^^^^Mriors and inferiors, they 
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have never availed themselves of their advantages^ but 
have been as ignorant of the meaning of terms at the 
end of five years' apprenticeship as they were at the com- 
mencement with the terms themselves. We chiefly refer, 
in these remarks, to the architectural student. And what 
is the result of all ? The time arrives when the student 
becomes a teacher, and is required to superintend the 
engagements of all those who are employed in the con- 
struction of buildings, and he finds himself perfectly in- 
capable of the task. He has perhaps made a beautiful set 
of drawings, and has arranged for the construction of 
every part in the same way as his predecessor was accus- 
tomed to do ; but he can neither tell why he has done it 
in this way in preference to any other, nor discover any 
deviation that may be made from his orders. We have 
not drawn a fanciful picture, and we warn the student lest 
he should fall into the same error and suffer the same in- 
convenience as many have done before him. 
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THE PLUMBER. 

The plumber is chiefly engaged in the execution of such 
works, in the art of building, as require to be formed of 
lead : but, within the last four years, zinc has been exten- 
sively employed instead of lead, and the plumber has 
undertaken the execution of such works. This substance, 
however, is not so durable or malleable as lead, but is 
liable to crack, and especially if it be fastened. It is not, 
therefore, so desirable a material for building purposes, 
but it is cheaper, and may be advantageously eihployed 
for many purposes. We shall, however, in this place, 
chiefly direct our attention to a consideration of the uses 
and properties of lead, a substance that must ever be ex- 
tensively employed in building. 

Lead has a bluish-white colour, and its face when first 
formed has a bright, glittering appearance, but is soon 
tarnished by exposure to the air; and, losing its lustre, 
acquires a dull grayish colour, an effect resulting from the 
oxidation of the metal ; that is to say, the metal combines 
with a proportion of the oxygen of the air, and the coat 
which covers the surface of the metal is an oxide. Every 
one who has examined a load flat after it has been laid a 
few months, or the interior of a cistern, or water-pipe, 
must have observed this effect ; and it is worthy of remark 
that, although water does not oxidize lead, yet it accele- 
rates the effects of atmospheric air. 

Lead is found native in the state of a sulphuret, that 
is to say, combined with a certain proportion of sulphur. 

In this state it would not be suited for the purposes to 
which it is now applied, and, consequently, the manufac- 
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turer is compelled to free it from the ingredient with 
which it is comhined^ and from the earthy minerals and 
other impurities. This is done by the process of roasting. 
The ore is first of all broken into pieces and washed, and 
then placed in a reverberatory furnace, where it is exposed 
to an intense heat. The sulphur is in this manner sub- 
limed, and the metal itself carried off into moulds. Each 
mould contains one hundred and fifty -four pounds, and is 
called a pig of lead. 

But the plumber chiefly uses lead in sheets, which, in 
many cases are made by himself from the pig-lead, and 
from the old material which he purchases or takes in ex- 
change. There are, however, two kinds of sheet-lead, 
cast and milled ; and it is the cast which is made by the 
plumber. All sheet-lead is valued according to its thick- 
ness, that is to say, according to the number of pounds 
contained in every square foot ; and architects, when they 
describe the kind of lead to be employed, say SLYe, six, or 
seven pound lead, according to the thickness required for 
the particular kind of work. In the preparation of speci- 
fications, milled lead is generally provided for, but the 
plumber often lays cast lead instead ; but this is not the 
only manner in which the plumber deceives the architect, 
fbr he often puts a lead of less weight than is contracted 
for, and as it requires considerable practice in order to 
detect, by the feel, whether the lead is so heavy as was 
required, he practises the deception almost without a chance 
of detection. The milled lead is not made by the plumber, 
but is purchased of the lead manufacturer, for it requires 
a particular apparatus for its preparation. 

Sheet^lead is chiefly used to cover the flats of roofs, 
gutters, and cisterns ; and for flashings. 

Leaden pipes, used to carry water from roofs, and for 
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water-works generally, were at one time almost constantly 
made of sheet-lead bent round a wooden staff of the size 
required for the bore; and the joints were united by 
solder. This plan, however, was not found to succeed so 
well as was desired, and they are now cast upon a cylin- 
drical iron mould. Pipes are described by their bore ; thus, 
we speak of one, or two, or three inch lead pipe ; but 
nearly all plumbers' work is estimated by the weight. 

Lead should be laid with as few joinings as possible ; 
but it is quite impossible to ayoid them altogether — and 
there are two methods in which they may be executed. 
First by lap or roll joint, which should always be preferred, 
and secondly by solder. Solder is a metallic alloy, used 
to unite together the edges of some metallic substance ; 
and there is one principle that should always govern its 
composition — it must melt more readily than the sub- 
stances to be j oined. The solder employed by the plumber 
is made of equal parts of tin and lead, and is run into the 
joint in a liquefied state; after which it is smoothed down 
by a grozing-iron heated almost to redness, and finished 
off by filing or scraping. It has been already stated that 
lead is particularly subject to oxidation, and, to prevent 
this in the process of soldering, the edges of the joint are 
scraped clean and covered with borax, which defends the 
lead when the heat is applied. If zinc be employed instead 
of lead, all the joints must be formed by laps, and not by 
soldering, so as to ^ve it a freedom of expansion and 
contraction. 
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THE PAINTER. 

The painter covers with oil-coloor mucli of the joiner'Sy 
plasterer's^ and smith's work. The art of house-painting 
is very ancient; Jbut, when first introduced, its only object 
was, in all probability, decoration ; biit it has now another 
object — ^tbe preservation of materials. There are few 
woods that will long remain sound, if exposed to a 
constant change of weather; alternate wet and dry soon 
causes a piece of timber, however sound, to crack ; and 
encourages the dry-rot. Now, in the erection of build- 
ings, there must always be some materials thus exposed, 
and to prevent the effect, they are covered with a coat of 
paint. Iron-work also, if exposed to the variations of 
weather, will decay by oxidation ; that is to say, it will 
rust; but, when covered with oil-paint, it is preserved 
from this effect, and will last an indefinite period. It 
will therefore appear that, if we merely considered the 
durability of buildings, the painter would be an important 
person, and particularly so in so variable a climate as that 
in which we live. 

But there are other situations in which the materials are 
not thus exposed to decay, and paint is applied to improve 
the appearance of the work. We are not among those 
who prefer an imitation to a reality, and would cover a 
fine-grained wood, as many do. No painting can equal 
the old wainscot we sometimes find in the mansions of our 
ancestors ; but the fine-grained woods are now very ex- 
pensive, and, if they could be obtained, would not be 
suitable for all situations. It is therefore necessary that 
an inferior material, so far at least as its appearance is con* 
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cerned, should be employed, and that such colours should 
be given to it as may be adapted to the purposes of the 
apartment in which they are used. The present excellence 
of this art has done much to improye the appearance of 
our domestic architecture, and to provide those elegancies, 
at a moderate price, which were once only obtained by the 
wealthy. This department of building, therefore, de- 
mands our careful attention, and we shall endeavour to put 
the reader in possession of some practical information con- 
ceming it, for it is only this that is within our reach. 
We cannot teach the harmony of colours, or their appro- 
priateness to particular situations; but there are principles, 
although it is often said that the choice of colours is a 
matter of indifference. 



MATERIALS. 

Paint is made of various mineral productions, which are 
ground, that is, reduced to powder, and then made liquid 
by some fluid, so as to admit its application with a brush. 
The colouring substance is sometimes ground in water, and 
then a size must be added, to give it a stronger adhesive 
power ; sometimes it is mixed with spirits of wine, and as 
this fluid evaporates readily, only a small quantity must 
be mixed at a time ; but it is commonly ground in oil ; 
and mixed with turpentine, or turps, as it is called by 
workmen, a substance obtained from larch and fir>trees. 
Ceilings and the stringing of stair-cases are frequently 
painted in water-colours ; but wood-work, and the walls of 
rooms, are commonly worked in oil-colours. In that kind of 
finishing called flatting, because it makes a very even and 
dull surface, the colour is prepared with turpentine only; 
and as the execution of the work is very readily detected 
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wben it is flatted^ great oare should be taken in the pro- 
cesS; and a clever^ expert workman should be employed. 

A Preparation for pairUing Ceilings. 

Take a sufficient quantity of Spanish white, and, having 
pounded it, let it soak in water for about two hours. To 
give it a more or less dark tint, as may be required, char- 
coal should be infused in water, and added to the compo- 
sition, and to give it the adhesive property, strong size — 
a larger quantity being required when uiied on new work 
than when the same preparation has been applied at some 
former time. If a ceiling has been before whitened, it is 
generally necessary to scrape off the former coat before 
the commencement of the work. 

To whiten internal Walls, 

A very superior material for the whitening of internal 
walls may be made in the following manner : — ^Take a 
quantity of very fine lime, and, passing it through the 
finest sieve that can be obtained, place it in a vessel suffi- 
ciently large for the purpose, and filling it with water, 
thoroughly mix the lime and water with a wooden instru- 
ment, so as to diffuse the whole of the solid material 
through the^uid. When this has been done, let the mix- 
ture stand for about four-and-twenty hours, so that the 
lime may be deposited, and then draw off the liquid, 
which will contain the impurities previously mixed with 
the lime. Fill the vessel again with water, and mix the 
ingredients as before, and draw off the water when the 
sediment has been formed. The lime will then remain 
at the bottom of the vessel, and the impurities being with- 
drawn, it will be exceedingly white ', so bright, indeed, that 
it will be necessary to add a little Prussian blue. When 
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the purified lime is mixed with turpentine, size^ and a 
very small quantity of alum, a composition will be formed, 
which, when applied to the face of the work, will have a 
peculiarly beautiful appearance. The work will be greatly 
improved by rubbing it with a brush, not so stiff as to 
scratch it, but sufficiently so to produce a strong friction. 

To paint on Sttuxso, 

Great care is required in painting upon stucco, for the 
work must be w>t only thoroughly dry, but free from any 
liability to dampness } that is to say, the walls themselves 
must be dry. It is, consequently, usual to allow the 
stucco to remain for several months before it is painted ; 
and this is especially necessary when it covers over a large 
surface, as in the walls of churches, chapels, and theatres. 
If the paint be applied too soon, the work will have a 
blotched appearance, and be probably filled with small 
vesicles, formed during the evaporation of the water. 
When the work is dry, it may be prepared by covering it 
with a coat of linseed oil, boiled with dryers. This must 
be laid on very carefully, or the face will be irregular. 
The colour may then be applied, and four coats will not be 
too much, the work being new. Persons are generally so 
anxious to have their buildings finished, tliat they dis- 
regard the future appearance of the work*, and, within a 
few weeks after the application of the stucco, cover it with 
paint. But it would, in all cases, be sufficient to wash 
the surface with distemper, as it would give a finished ap- 
pearance to the building, and make it less necessary to 
hurry the work. But when the work is sufficiently dry 
to receive the oil-colour, the water-colour, that is to say, the 
distemper, should be removed, which may be done by 
washing; and as the water does not penetrate into the sub- 
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stance of the stucco^ it will dry in a few days, and receive 
the oil-colour. The tints may be regulated by mingling 
different colours, as in all other kinds of painting. 

GRAINING. 

The art of imitating the grain of the more expensive 
woods is now brought to so great a degree of perfection 
that it is often almost impossible to determine, without 
feeling the surface, whether we are looking upon the wood 
or an imitation of it. Mahogany, satinwood, rosewood, 
maple, and some others, are frequently imitated ; and it 
is but seldom that a good house is finished without the in- 
troduction of some graining. Doors to drawing-rooms, 
dining-halls, and passages are usually painted, if some 
handsome grained wood be not introduced. The dado, 
and skirtings, are also frequently finished in this manner. 
But it is not now so commonly employed as it was a few 
years ago. Delicate party-colours are often preferred for 
drawing-rooms and those apartments which are most fre- 
quently inhabited. The process of graining is very simple. 
The workman first prepares the surface with two or three 
coats of oil paint, and then forms the ground of the grain- 
ing, the colour of the ground being regulated by the colour 
of the wood to be imitated. If, for instance, it be re- 
quired to imitate satin-wood, then the ground will be 
formed of Naples yellow and ceruse, worked up with 
turpentine. When this coat is perfectly dry, the graining 
is commenced, the painter preparing small quantities of 
such colours as he requires, upon his pallet, and applying 
them with camel's-hair pencils, of different sizes, and flat 
hog's-hair brushes. When the work is finished, it must 
be allowed to remain until perfectly dry, and then covered 
evenly with one or two coats of good oil varnish. The 
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same process is adopted in the imitation of marbles, for 
chimney-pieces, pilasters, and other ornamental work. 

In some cases, graining in distemper may be adopted 
with great success, although we are not aware that it is ever 
practiced. Some time since, having a large surface of 
wood-work to grain oak, within a period so short as to pre- 
vent its execution in oil, as it could not have dried in 
time if the graining itself could have been executed by a 
word of command, we gave an order to finish it in dis- 
temper. A clever painter undertook the work ^ completed 
it to our satisfaction; and a coat of varnish was then ap- 
plied. The work has been now completed nearly four 
years, and it could not, at the present moment, be dis- 
tinguished from work finished in oil colours. We would; 
therefore, strongly recommend the process in all those 
cases where dispatch is necessary for interior work. 

ON COLOURS. 

The following remarks on colours are chiefly extracted 
from De Morveau's paper on that subject : — 

'^ White is the most important colour in painting, for it 
is to the artist the material of light, which he is required 
so to distribute over his work as to bring his objects 
together, and to give them relief; and this it is which is 
the magic of his art. For these reasons, I shall at present 
confine my attention to this colour. 

" The first white that was discovered, and indeed the 
only one yet known, was extracted from the calx of lead. 
The danger of the process, and the dreadful distemper 
with which those employed in it are often seized, have not 
yet led to the discovery of any substance that can be used in 
its place. There has, indeed, been less anxiety about the 
artist than the perfection of the art; and the manufacturer 
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has, guided by this, varied the preparation, to render the 
colour less liable to change ; and hence the different kinds 
of white — ^the white of crems, white lead in shells, and 
white ceruse. But every person conversant in colours 
knows that the foundation of all these is the calx of lead, 
more or less pure or more or less loaded with gas. That 
they all participate of this metallic substance will indeed 
appear evident from the following experiment, which de- 
termines and demonstrates the alterability of colours by 
the phlogistic vapour. 

<' I poured into a large glass bottle a quantity of liver 
of sulphur, on a basis of alkali, fixed or volatile it makes 
no difference; I added some drops of distilled vinegar, 
and I covered the mouth of the bottle with a piece of 
pasteboard cut to its size, on which I disposed different 
samples of crems, of white lead, and ceruse, either in oil 
or in water. I then placed another ring of pasteboard 
over the first, and tied above all a piece of bladder, round 
the neck of the bottle, with a strong packthread. It is 
evident that, in this operation, I took advantage of the 
means which chemistry offers to produce a great quantity 
of phlogistic vapour, to accomplish instantaneously the 
effects of many years; and, in a word, to apply to the 
colours the very same vapours to which the picture or work 
is necessarily exposed, only more accumulated and more 
concentrated. I say the same vapour, for it is now fully 
established that the smoke of candles, animal exhalations 
of all kinds, alkalescent odors, the electric effluvia, and 
light, furnish continually a quantity more or less of matter, 
not only analogous, but identically the same with the 
vapour of vitriolic acid mixed with sulphur. 

'' If it happens that the samples of colours are sensibly 
altered by the phlogistic vapour, then we may conclude with 
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certainty that the materials of which the colours are com- 
posed bear a great affinity to that vapor ; and, since it is 
not possible to preserve them entirely from it in any situa- 
tion, that they will be more or less affected by it accord- 
ing to the time it stands, and other circumstances. 

'' After some minutes' continuance in this vapour, I ex- 
.amined the samples of colours submitted to its influence, 
and found them wholly altered. The ceruse and the white 
lead, both in water and in oil, were changed into black ; 
and the white of crems into a brownish-black ; and hence 
those colours are bad and ought to be abandoned. They 
may, indeed, be defended in some measure by varnish, but 
this only retards for a time the contact of the phlogistic 
vapour ; for as the varnish loses its humidity, it opens an 
infinite number of passages to this subtile fluid/' 

" There are three conditions,'' says De Morveau, " es- 
sential to a good colour in painting. 

" First. That it dilute easily, and take a body with oils 
and with mucilages, or at least with one or other of these 
substances ; a circumstance which depends upon a certain 
degree of affinity. Where this affinity is too strong, a 
dissolution ensues ; the colour is extinguished in the new 
composition, and the mass becomes more or less transpa- 
rent; or else the sudden reaction absorbs the fluid, and 
leaves only a dry substance, which can never be again 
softened. But if the affinity be too weak, the particles of 
colour are scarcely suspended in the fluid, and appear on 
the surface that is coloured like sand, which nothing can 
^z or unite. 

'^ The second condition is that the materials of which 
colours are composed do not bear too strong an affinity for 
the phlogistic vapour. The experiments in which I sub- 
mitted whites from lead to this vapor afford a certain 
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means of ascertaining the quality of colours in this respect, 
without waiting for the slow impression of time. 

^'A third condition equally essential is that the colour- 
ing body be not volatile, that it be not connected with a 
substance of a weak texturC; susceptible of a spontaneous 
degeneracy. This consideration excludes the greater part 
of substances which have received their tints from vege- 
table organization ; at least it makes it impossible to incor- 
porate their finer parts with a combination more solid.'' 

These remarks are exceedingly judicious, and show the 
conditions by which the formation of colours are bounded. 

It is very easy to produce the varieties of shade which 
may be required in house-painting, for the mineral sub- 
stances employed for this purpose are quite adequate to 
produce the effect. There is no difficulty in selecting 
suitable colouring material, but it is not easy to obtain a 
good and durable white. The objections to the use of 
lead have been already stated, and we would now recom- 
mend the following observations to the careful considera- 
tion of manufacturers and workmen. There are two 
objections against the use of lead : it is unsuited for the 
purpose to which it is applied, so far at least as its insta- 
bility of colour is considered ; and it is detrimental to the 
health of all those who are employed in its manufacture 
and in using it ; we might also add, to those who live in 
rooms in which it has been recently employed. It there- 
fore becomes a<^uestion of some importance — can any other 
substance be employed that is of a less injurious quality, 
and is equally or more adapted for the purpose required ? 
In answer to this question, we quote the experiments of 
De Morveau, and his remarks upon them. '^ I placed in 
my apparatus pieces of cloth, on which were laid the white 
of calcareous tartar in water, and different preparations of 
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white^ from tin and zinc, both in oil and water, and I al« 
lowed them to continue exposed to the phlogistic vapour 
during a sitting of the Academy; if they were not altered, 
their superiority over the whites in use would be suffi- 
ciently established. The sitting continued for near an 
hour ; and the bottle having been opened, all the colours 
continued to have the same shade as they had before. I 
can, therefore, recommend to painters those three whites, 
and particularly that of zinc, the preparation of which is 
exposed to less variation, the shade more lively and uni- 
form ; and moreover it is fit for all purposes, and perhaps 
procured at less expense. 

'' I will assert further that it may be procured in suffi- 
cient quantities to supply the place of ceruse in every 
branch of the art, even in interior house-painting. I 
would recommend it, less with the view of adding new 
splendour to this kind of ornament than for the safety of 
those who are employed in preparing or using it, and per- 
haps for the safety of those who inhabit houses ornamented 
in this manner. 

'' But without being too sanguine, although the process 
in the fabrication be simplified in proportion to the de- 
mand, as is usually the case, yet there is reason to appre- 
hend that the low price of ceruse will always give it the 
preference in house-painting. 

"M. Courtois, connected with the laboratory of the 
Academy, has already declared that it is used for house- 
painting, less, however, in regard to its unalterability 
than to its solubility; and this can be the more readily ac- 
counted for as the flower of zinc enters into many of the 
compounds of the apothecary. The same gentleman has 
arrived at the art of giving more body to this white, which 
the painters seemed to desire, and also of making it beai 
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a comparison with white lead, either in water or oil. The 
only fault found with it is its drying slowly when used in 
oil ; but some experiments which I have made incline me 
to believe that this fault may be easily remedied, or at 
least greatly corrected, by giving it more body. At any 
rate, it may be rendered siccative at pleasure, by adding a 
little vitriol of zinc, or copperas slightly calcined. 

^^ Painters already know the properties of this salt, but 
perhaps they do not know that it mixes with the white of 
zinc better than with any other colour ; the reason is, they 
have chemically the same base. It is prepared by purging 
the white copperas of that small portion of iron which 
would render it yellow, and this b easily done in digesting 
its solution, even when cold, on the filings of zinc. The 
mixture of this salt, thus prepared, is made on the pallet, 
without producing any alteration, and a small quantity 
will produce a great effect.'^ 

General Remarks. 

It is commonly said that anybody can execute all that 
is required of a house-painter. This statement, however, 
cannot be substantiated ; it is not so easy to prepare and 
apply a coat of paint, in a '' workmanlike manner,'' as 
some may imagine : it is still less easy to paint in party- 
colours ; and very few can produce' a good piece of graining. 
But the painter should not only be acquainted with the 
method of applying the paint, when it is provided for 
him, and the brush placed in his hand, but he should 
know the composition of the colours ; the manner in which 
they are made ; and the colours which most harmom'ze 
with each other when they are associated together. 
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THE SMITH. 

Iron is a very important material in the art of build- 
ing, on accouQt of its great tenacity and capability of 
resisting strains. In the present day it is very exten- 
sively employed; perhaps modem architects have gone to 
an excess in this matter, for in the practice of some, iron 
is so much a sine qud non that it solves all difficulties 
and covers excessive ignorance. If a professional man 
should find some difficulty in designing a truss suited to 
carry a determined or undetermined weight, it is very 
easy to introduce an iron one. We do not say that such 
a practice is common in the profession, but we believe 
that it more frequently directs the use of this material 
than is commonly admitted. There are many buildings, 
the framework of which is, in fact, composed of iron ; but 
we cannot consider this judicious. In some places, the 
metal may be introduced with great advantage, but there 
are others in which other materials would serve not only 
as well but very much better. There is one thing to be 
considered in the use of iron which seems to be frequently 
forgotten, though it is by no means unimportant — ^it has 
the property of great expansibility by heat, and should 
not, therefore, be employed in great lengths. We could 
give many instances in which bressummers, of consider- 
able bearing, have been made with this metal ; and those 
who designed them would justify the plan by telling us 
that although iron expands considerably by heat, yet the 
change of temperature to which it is subject, when used 
in construction, is so unimportant that it may be altogether 
neglected in its use. But, on the other hand, it should 
be remembered that when used in considerable lengths 
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there is an expansion^ and that, however small, acting 
upon walls, must tend to weaken them. The best illus- 
tration of the great dilatation to which iron is subject at 
high temperatures, that we can give, is the application of 
the principle by a celebrated French architect. The walls 
of a public building in Paris had spread, or, in other 
words, were thrown out of their perpendicular, and there 
was some fear of the future safety of the building, so 
that it became an 'object to raise them again to their 
proper position. To eflfect this, iron bars were carried 
through the building from wall to wall, one end being 
attached to one wall, and the other passing through the 
opposite, the end being furnished with a screw, and a nut 
moving upon it. When the nut had been screwed as 
closely as possible to the wall, a series of lamps were 
placed under the bar, so as to raise its temperature to a 
red heat. This caused the iron to expand, and the nut 
was then screwed up again to the wall; but when it 
cooled it contracted, and drew up the walls with it. The 
same process was repeated until the walls were brought 
to their perpendicular position. 

Britain is very advantageously situated for procuring 
iron; there is, perhaps, no other country in the world 
that possesses the same resources in so small a space. This 
is a fact of great commercial importance; for it may be 
also mentioned that the metal is found in association with 
coal, so that in those places where the material is ob- 
tained there is also the means of smelting it at a very 
small expense ; and this will account for the low price at 
which it is brought into the market. 

The quality of iron varies greatly; there are some 
kinds which are much less capable of resisting a pressure 
than others, and are liable to crack when bearing great 
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weights. There is also a considerable difference between 
cast and wrought iron; the latter will bend before it 
breaks^ is flexible, and yet tough. Cast iron is very 
readily broken, will not resist a heavy blow, and will 
break rather than bend. It is therefore very desirable to 
employ wrought iron in buildings, when the metal is at 
all introduced; but, on account of its being more expen- 
sive than the cast iron, it is seldom used for heavy work. 
Columns, bressummers, bearers, and all similar parts of a 
building are made of cast iron, and it suits very well for 
such purposes, because it is tough. Chimney bars, iron 
ties, and other small pieces used in construction are formed 
of wrought iron. Bars of fancy railing and balusters of 
stairs consist of cast iron, and, except that they cannot 
resist a moderately heavy blow, no other material is so 
well adapted for the purpose. These facts will be suffi- 
cient to prove the statement we made that the smith is an 
important personage in the art of building, and will ex- 
plain the nature of the work he has to perform. 

General Eemarks. 

We have now attempted to give the reader an accurate, 
general notion of the several arts and trades which are 
concerned in the process of building. We have been pre- 
vented, by the space allotted for this branch of our subject, 
and also by the character of the volume, from entering 
into any particulars that did not appear to be essential to 
elementary knowledge absolutely necessary for the student. 
A long life is hardly sufficient for the acquisition of the 
art of building ; it may therefore be readily supposed that 
our greatest difficulty, in the preparation of the preceding 
remarks, has been to select that information which is most 
useful to a beginner. 
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PRACTICAL GEOMETRY. 

Praotioal Geometry is an important branch of 
knowledge to all who are in any way engaged in the art 
of building. The workman as well as the designer re- 
quires its aid ; and unless he is acquainted with some of 
the leading principles of the science^ he will frequently 
feel an uncertainty as to the results he may deduce from 
the problems which are presented to his notice. It may, 
therefore^ be desirable that we should attempt to explain 
some of the most important of those geometrical problems 
required by the buil^er^ before we proceed to explain the 
duties which devolve upon the surveyor, and the manner 
in which he performs them. 

Problem I. 

To extend at pleasure any given straight line. 
Let A B (Fig. 44) be the straight line which it is re- 
Fig. 44. 



1 

^ 



quired to extend. Take any length of the line A b^ as 
E B; and strike o D an arc of the circle. Then with the 
centre B form the intersections o and d, and^ taking the 
points of intersection as centres, describe the arcs at F. 
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Join the points B and f^ and A B f will be a straight 
line ; that is to say, the line A B will be continued to F 
in the same direction. 

This problem, though very simple, is of great use to 
the workman, when he has not at hand a long straight 
edge or chalk line ; for, by the help of his rule and a pair 
of compasses he may draw a straight line of any length 
required, since the line may be extended at pleasure. 
The workman may also, by this problem, prove the 
accuracy of his straight edge; for, having drawn the line 
A B F he may fix upon any point b, and draw d in 
the manner already described, and from the points o and 
D, as centres, describe intersecting arcs at E, as we had 
before done at f, and if these fall in the line that has 
been drawn, it will |«ove that the straight edge is true. 

Problem IL 

From any point to erect a . Perpendicular to any given 

Line. 

Let A B (Fig. 45) be the given line, and o the point 

Fig. 46. 
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from which it is required to draw a line that shall bo 
perpendicular to A b. On each side of the point o, take 
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ftny two equiil distances o d and o b. From D and b, as 
centres, with any radius greater than D, describe the 
two arcs which cut each other in the point E. Draw the 
line E 0, and it will be the perpendicular required. 

A carpenter may, by the application of this problem| 
draw a line perpendicular to another, without his square, 
whether it be to form, upon a plank, a line square to its 
edge; or in other work, with his rule and compass. 



Problem m. 

From a given Point on the End of a Line to erect a 

Perpendicular. 

Let A B (Fig. 46) be the given line ; it is required to 

Fig. 46. 




draw from the point B a line which shall be perpendicular 
to A B. From the centre b, and with any radius, describe 
an arc, as m n o, and, with the same radius, mark on the 
curve from m the point n, and from n, with the same 
radius, describe an arc D. Through m and n draw the 
line m n D, to cut the arc in d, then^ through b and D, 
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draw the line B D; and it will be the perpendicular 
required. 

Problem IV. 

To bisect a given Line. 

Let A B (Fig. 47) be the given line which it iis reqidred 

Fig. 47. 
)|C0 
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to bisect, or divide into two equal parts. From A and b, 
as centres; with any radius greater than a half of A b, 
describe arcs cutting each other in and d. Draw b d 
through the points of intersection; and it will bisect A B| 
which was required to be done. 



Problem V. 

Through a given Point to draw a straight Line pardttd 

to some given, straight Line, 

Let A b (Fig. 48) be the given straight linC; and o the 

Fig. 48. 



f 



-D 
ns, JB 



PB^lOTIOAL gxomitbt. 



169 



giren point. From any point m in the straiglit line ▲ b, 
describe with the radius m o, the arc o n^.and from the 
centre o, with the same ^radius, describe the arc r m. 
Make r m equal io o n, and draw the line D through 
the points o and r^ and it will be the line required. 

Pboblsm VI. 

To draw^ at a gwen Distance, a straight Line parallel to 

a given straight I/ine. 

Let A B (Fig. 49) be the given straight line, and e the 

Fig. 49. 




7n 



given distance. From any two points, n, m, and with the 
radius E, describe the arcs r and s. Draw the line o D, 
so as to touch these arcs without cutting them, and it will 
be the straight line required. 



Problem YIL 

To divide any given straight lAne into any number of 

equal JParts, 

Let ▲ B (Fig. 50) be the given straight line. Draw 

Fig. 50. 

o 
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two lines A o and b J), one at each end^ parallel to each 
other^ and set off on each, the same number of equal parts , 
perpendicular to A b. Join the corresponding points, and 
form the lines a Cfb/y d g, and these lines will divide A b 
into the equal parts 1, 2^ B^ &o. 

Problem Vm. 

To divide a given straight lane into two such Parts as 
shall he to each other as ttoo given Lines are to each 
other. 

Let A B (Fig. 61) be the given straight line^ and m n 




m- 



and r s the given proportionate lines. From the point a 
draw the line A o equal to m n and r s together^ and 
mark upon it the line A b equal to m n. Join the 
points Dy and draw the line D E parallel to it ; A E is to 
EBasmnistor«. 

Problem IX. 

To find a third Proportional to two given Lines. 

Let A B and A D (Fig. 62) be the two given lines. So 
place the two lines A b and A d that they may make any 
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angle with each other^ as at A. From A b the greater^ 
cut off a part A Of equal to A d ; then join b d^ and draw 
£ parallel to it ; A E will be the third proportional 
required^ that is to say^ A B will be to A d, as A D is 
to A E. 

Problem X. 

To form a Trianghy the Sides of which shall he eguoH to 

Lines or Lengths to he given. 

From any scale of equal parts measure the base A b 
(Fig. 53)j and with the centre A; and radius equal to one 




of the sides given, describe an arc, and, with the centre B 
and radius equal to another side given, describe another 
arc, cutting that previously made as in the point c. Join 

14* 
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A and B 0, and the sides of the triangle will be equal to 
the lines given. 

Problem XI. 

The Base, the Perpendicular^ and the Place of the Perpen- 
dicular upon the Base being given, to construct a Triangle, 

Lay down the base A B (Fig. 54) by a scale of equal 




parts, and mark the distance of the perpendicular from 
either end of that base line, as from A, and, by a problem 
already given, erect the perpendicular d o, of such a height 
as may be required. Join A o and b o, and the triangle 
A c B will be that required. 

This problem will suggest to the reader the manner in 
which a triangle may be measured. 



Problem XII. 

Upon any given straight Line to describe an equilateral 

Triangle, 

With the radius A b (Fig. 56), and centre B, describe 
an arc; and with A as a centre, and the same radius, de- 
scribe another arc intersecting that already formed, as in 
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the point 0. Connect A o and b o, and the triangle a b o 
will be equilateral as was required. 

Problem xm. 

To hmct any Angle^ that is, to divide tt into two equal 

parts. 

Let ACS (Fig. 66) be the angle which it is required 

Fig. 56. 




to bisect. From the centre O; and with any radius, de- 
scribe the arc m n. From nty as the centre, and with any 
radius, describe an arc, and with the same radius, and n 
as a centre, describe another arc intersecting that already 
formed. Join o, the point of intersection, and o, and the 
line uniting the two points will divide the angle A c b 
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aito two equal parts, and the ang^e A o will be equal to 
the angle o c b. 

Problem XIV. 

To find the Centre of <my given Oirde. 
Let A D B (Fig. 57) be the given circle. Draw the 




line or chord o D; and bisect it by the line A B in the 
manner already described. Bisect the diameter A b in 
the same way, by the line m n) the point s, in which 
the lines A b and m n intersect each other is the centre 
required. 

Problem XV. 

To describe a Square whose Sides shall he equal to a given 

Line, 

Let A B (Fig. 58) be the given line. Upon the points 
A and B erect the lines A o and b d perpendicular to the 
line given in the manner described in Problem III. 
Make these perpendiculars equal to the base line A b, 
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and join od: ABDOisa squarOi the sides of which are 
equal to a given line. 

Problem XVI. 

To describe a rectangular ParaUdogramy the Lefngtk and 
Breadth of which are egual to two given Lines, 

Let A B and b d (Fig. 59) be the length and breadth 
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given ; it. is required to describe a rectangular parallelo- 
gram. From the point e erect a line o d, which shall be 
perpendicular to b d, and make it equal to the line A b. 
Join A and o, and A b o d will be a rectangular parallelo- 
gram; the sides of which are equal to the lines given. 
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pbobi^em xvn. 

To consirtici a regular Rhomhas upon a given Line, 
Let A B (Fig. 60) be the line upon which it is required 

Fig. 60. 




to form a regular rhombus. With the radius a b, and 
from A and b^ as centres, describe arcs, the points of in- 
tersedion being at o. Draw the line A o; and c d parallel 
to A By and B D parallel to A o; the figure A b d o is a 
regular rhombus, formed upon the given line A B, which 
was required to be done. 

ploblem xvni. 

To draw a Circle which shall pass through three given 

Points, 

Let ABC (Fig. 61) be the three given points. With 

Fig. 61. 
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any radios greater than one-half a b^ and from A and b^ 
as centres^ describe arcs at a and H; and from o and b^ 
as centres^ describe arcs intersecting each other in f and 
ft. Draw and continne the lines o h and e f nntil they 
intersect each other^ as in the point d; the point of inter- 
section is the centre of the circle required. 

Problem XIX. 

To draw a Tangent to a Oirde from any point in thai 
CircUy thai isy to draw a Line from any given Point 
in a Circle, in sfiuh a manner that it shaU touch the 
Circumference of that Circle in the Point given vnthoiU 
touching it. 

Let B A (Fig. 62) be a circle, or a portion of a circle, 

Fig. 63. 




and A the point from which it is required to draw a tan- 
gent. From' A draw A o, a radios of the circle B A o, and 
from any centre, as D, draw an arc of a circle which shall 
pass through A, and intersect the line A o. From the 
point of intersection E, draw the line e d F, the line inter- 
secting the arc in the point f. Draw the line o H through 
the points a f, and the line A f A will be a tangent to 
the circle ABO drawn from the given point A; as was 
required. 
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Problem XX. 

From any point withcmt a Oirde^ to draw a Line which 
ihaU he a Tangent to the circle. 

Let A (Fig. 63) be given a point without the circle 

Fig. 63. 




B D; it is required to draw a tangent to the circle from 
that point. From A draw the line A o^ that is, unite the 
point and the centre of the circle. Divide this line A o 
into two equal parts as at E, and with the radius E A, or 
E o, and from the centre e, describe the semicircle o b a, 
which cuts the circle in the point b. Connect the points 
A and B, and the line A B is a tangent to the circle b o D^ 
drawn from the given point A; as was required. 

Problem XXI. 

To intcribe an eguilaterdl Triangle within a given Circle. 

Let ABC (Fig. 64) be a circle; it is required to draw 
within it a triangle whose sides are equal to one another. 
Commencing from any point A, mark on the circumference 
of the drde a series of spaces equal to the radius of the 
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circle, of which there will be six, and draw the arcs ab 
DB; &c. Then join every alternate point, as ab, bc, ga^ 
and the several lines will together form an equilateral 
triangle. 



Problem XXn. 
Within a given Oirde to inscribe a Square. 
Let A B D (Fig. 66) be the given circle, it is required 

Fig. 65. 
o 




to draw a square within it. Draw the diameters A B, o D, 
at right angles to each other ; or, in other words, draw the 
diameter A B, and form a perpendicular bisecting it. 
Then join the points AC, OB, B D, D A, and the figure 
' A B G D is a square formed within a given circle. 

16 
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Problem XXIII. 

Within a given Circle to inscribe a regular PentagoUj that 

is, a Polygon of Jive Sides. 

Let A B D (Fig. 66) be a circle in which it is required 
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to draw a pentagon. Draw a diameter A d, (Fig. 66,) and 
perpendicular to it another diameter. Then divide o b 
into two equal parts in the point e, and join o e ; and 
with E as a centre, and the radius o e, draw the arc c f, 
cutting A o in F : and, with o as a centre and the same 
radius, describe the arc F G ; the arcs o f, a F intersect 
each other in the point f, and the arc G F intersects the 
circumference of the circle in the point G. Join the points 
and G, and that line will be a side of the pentagon to be 
drawn. Mark off within the circumference the same 
space, and join the joints ah, hi, i k, k o, and the figure 
that is formed is a pentagon. 

Problem XXIV. 

Within a given Circle to describe a regular Hexagon, that 
is to say, a Polygon of six equal Sides. 

Let ABC (Fig. 67) be the given circle, and o the centre. 
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With the radins of (he circle divide it into parts, of trhich 
there will be sis, uid connect the points A. D, d b, &c., 
and the figure A D B E c F will be a regular hexagon. 



Pkoblem XXV. 

To cut off the Comeri of a given, Sqiiare, m as lojbrm a 
regular Octagon. 

Let A B D (Fig. 68J be the ^ven gqnare. Draw the 

Tig.es. 




two diagonal lines A and B D, crossing each other in o. 
Then, with the radius A 0, that is, half the diagonal, and 
with A as a centre, describe the arc £ F, catting the sides 
of the square in E and F ; then, ftom B as a centre, describa 
the arc ok; and in like manner from a and D describe 
the arcs l k and l m Draw the lines L a, F I, H M, and 
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K Ey and these, with the parts of the given square O F; I H^ 
M K; and E L, form the octagon required. 



Problem XXVL 

To divide a given Line into any Number of PartSy which 
Parts shall he in the same Proportion to each oilier as 
the Parts of some other given lane, whether those Parts 
are eqvxd or unequal. 

Let A B (Fig. 69) be the given line which it is required 

Pig. 69. 




to divide in the same manner and proportion as the line 
D, whether the parts are equal or unequal. On the 
base line O d, form an equilateral triangle in the manner 
already described in a former problem. Then take the 
distance A b, and with E as a centre, describe the arc f g, 
and join the points f and o, and f q shall be equal to a b. 
Now, if from the points h i k, which are the divisions of 
the line o, we draw lines to E, as h E, i E, and k e, these 
lines will cut F G, in the points ahcy which will divide the 
line F o into parts proportionate to the divisions of the 
line D. 
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Problem XXVII. 

On a given Line to draw a Polygon of any Number of 
Sides y so that that Line shall he one Side of a Polygon; 
or, in other words, to find the Centre of a Circle which 
shall circumscribe any Polygon, the Length of the Side 
of the Polygon being given. 

We shall here show, in a tabular form, the length of the 
radius of a circle^ which shall contain the given line, as a 
side of the required polygon ; and here we will suppose the 
line to be divided into one thousand equal parts, and the 
radius into a certain number of like parts. The radius of 
the circle for different figures will be as follows : — 

For an inscribed Triangle 577 

Square 701 

Pentagon 850 

Hexagon 1000 

Heptagon 1152 

Octagon 1306} 

Enneagon 1462 

Decagon 1618 

Endecagon 1775 

Dodecagon 1932 

By this table; the workman may, with a simple propor- 
tion, find the radius of a circle which shall contain a poly- 
gon, one side being given : thus, if it be required to draw 
a pentagon, the side given being fifteen inches^ we may 
say as 1000 is to 15, so is 850, the tabular number for a 
pentagon, to 12 inches and seventy-five hundredth parts 
of an inch, or seven-tenths and a half of a tenth of an 
inch. 

We may here give another table for the construction of 

16* 
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polygons, one in which the radius of the circumscribing 
circle is given. If it be required to find the side of the 
inscribed polygon, the radius being one thousand parts, 
the sides of the different polygons will be according to the 
following scale :— 

The Triangle 1732 

Square 1414 

Pentagon 1175 

Hexagon 1000 

Heptagon 867J 

Octagon 765 

Enneagon 684 

Decagon 618 

Endecagon ....... 563} 

Dodecagon 517 i 

Here, as in the case already mentioned, the law of pro- 
portion applies, and the statement may be thus made : as 
one thousand is to the number of inches contained in the 
radius of the given circle, so is the tabular number for , 
the required polygon to the length of one of its sides in 
inches. Thus, let it be supposed that we have a circle 
whose radius in inches is 30, and that we wish to inscribe 
an octagon within it; then say as 1000 is to 30 inches, so 
is 765 to 22 inches and 95 hundredth parts of an inch, 
the length of the side of the required octagon. 

Having, in the preceding problems, given some ele- 
mentary geometrical knowledge, we may now introduce 
a few remarks upon the method of drawing curved lines, 
bearing in mind the object of this treatise } and also give 
some rules for finding the forms of mouldings when they 
are to mitre together, that is to say, of raking mouldings, 
and of bevel work in general. It will also be necessary 
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to make a few remarks upon the form of ribs for domes 
and groinS; a knowledge of which is so necessary to the 
builder; that without it the workman cannot correctly 
execute his task. It is hardly necessary to state that all 
these mechanical operations are founded upon geometrical 
principles; and, unless he is acquainted with these, the 
workman cannot hope to succeed in his attempt to excel 
in his art — one which is necessary for the comfort and con- 
venience of all communities. 



% 



Problem XXVIII. 

j^ draw an Edxpze with the Ride and Compasses, the 
transverse and c^jugate Diameters being given; that 
is to sat/, the Length and Width. 

Let A B (Fig. 70) be the transverse or longest diameter; 

Fig. 70. 




D the conjugate, or shortest diameter ; and o the point 
of their intersection, that is, the centre of the ellipse. 
Take the distance o or D ; and, taking A as one point, 
mark that distance A e upon the line A o. Bivide o E 
into three equal parts, and. take from A f, a distance e f. 
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equal to one of those parts. Make a equal to r. 
With the radius ¥ a, and f and a as centres, strike arcs 
which shall intersect each other iu the points I and H. 
Then draw the lines bfs., h q m, and i f L, t o N. With 
V as a centre, and the radios Af, describe the arc la e; 
and, from a as a centre with the same radius, describe the ' 
arc M B N. With the radius H 0, and H as a centre, de- 
scribe the arc Kcu; and, from the point iwith the radius 
I D, describe the arc L d M. The figure A o b d is an 
ellipse, formed of four arcs of circles. 



Fkoblem XXIX. 

To draw an EUtpie ^ wieani of two ccmcentrCc Circlet. 

Let A B (Fig. 71) be the transverse, and e r the con- 

Kg.Tl. 




jugate diameter, and o the centre of an ellipse to be drawn. 
From O with the radius A, describe the circle A o b d, 

and from the same centre describe another circle G e h f. 
Divide the outer circle into any number of equal parts; 
the greater the number the more exact will be the ellipse, 
and they should not be less than twelve. From each of 
these divisions draw lines to the centre o, aa d o, fio, co, 
Then, irom a, b, c, &c., draw lines perpendicular to ab, 
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find from the corresponding points in the inner circle, that 
is; from the points marked 1, 2, 3; &c., draw lines parallel 
to A B. Draw a curve through the points where these 
lines intersect each other, and it will be an ellipse. 

In the diagram to which this demonstration refers, only 
one-quarter of the ellipse is lettered, but the process de- 
scribed in relation to that must be carried round the 
circles, as is shown in the dotted and other lines. 

Problem XXX. 

To describe an Ellipse hy meansofa'CarperUev^s Square^ 

or a piece of notcJied Lath. 

Having drawn two lines to represent the diameters of 
the ellipse required, fasten the square so that the internal 
angle or meeting of the blade and stock shall be at the 
centre of the ellipse. Then take a piece of wood or a lath, 
and cut it to the length of half the longest diameter, and 
from one end cut out a piece equal to half the shortest 
diameter, and there will then be a piece remaining at one 
end equal to the difference of the half of the two diame- 
ters. Place this projecting piece of the lath in such a 
manner that it may rest against the square, on the edge 
which corresponds to the two diameters ; then turning it 
round horizontally, the two ends of the projection will slide 
along the two internal edges of the square, and if a pencil 
be fixed at the other end of the lath, it will describe one 
quarter of an ellipse. The square must then be moved 
for the successive quarters of the ellipse, and the whole 
figure will thus be easily formed. 

This method of forming an ellipse is a good substitute 
for the usual plan, and the figure thus produced is more 
accurate than that made by passing a pencil round a string 
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moving npon two pins or nails fixed in the foci^ for the 
string is apt to stretchy and the pencil cannot be guided 
with the accuracy required. 

There are many other methods of drawing ellipses, or 
more properly ovals, but we can only notice one or two 
of those in most common use. 

1. By ordinates, or lines drawn perpendicular to the 
axis. Having formed the two* diameters, divide the axis^ 
or large diameter, into any number of equal parts, and 
erect lines perpendicular to the several points. Next draw 
a semicircle, and divide its diameter into the like number 
of equal parts ; that is to say, if the larger diameter or 
axis of the intended ellipse be divided into twenty equal 
parts, then the semicircle must be divided into the like 
number. As the diameter of the semicircle is equal to the 
shorter diameter of the ellipse, or conjugate axis, perpen- 
diculars ms^ be raised from these divisions of the diameter, 
or the semicircle, till they meet the circumference ; and 
the different perpendiculars, which are called ordinates, 
may be erected like perpendiculars on the axis of ellipse. 
Joining the several points together, the ellipse is described; 
and the more accurately the perpendiculars are formed 
the more exact will be the ellipse. 

2. By intersecting arches. Take any point in the axis, 
and with a radius equal to the distance of that point from 
one extremity of the axis, and with one of the foci as a 
centre, describe an arc; then with the distance of the as- 
sumed point in the axis from the other end of it, and with 
the other focus as a /centre, describe another arc inter- 
secting the former, and the point of intersection will 
be a point in the ellipse. By assuming any number 
of points in the axis, any number of points on the curve 
may be found, and these united will give the ellipse. This 
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process is foauded on the property of tlie ellipse ; that if 
taty tvo lines are drawn from the foci to any point in the 
curve, the length of tlLese lines added together will be a 
constant quantity, that is to say, always the same in the 
same ellipse. 

Pbobi,£M XXXI. 

To find ike Centre and the two Axa of an EUipse. 

Let A B D (Fig. 72) be an ellipse, it is required to 




find its centre. Draw any two lines, as E f and a H, pa- 
rallel and equal to each other. Bisect these lines aa in 
the points I and k, and bisect I K as in L. From l, as 
a centre, draw a circle cutting tlie ellipse in four points, 
1, 2, 3, 4. Now L is the centre of the ellipse. But join ' 
the points 1, 8, and 2, 4; and bisect these lines as In H 
and N. Draw the line m n and produce it to A and B, 
and it will be the transverse axis. Draw D through l 
and perpendicular to AB, and it will be the conjugate or 
shorter axis. 

Problem XXXH. 

To draw a fiat Arch Jy the Inteneetion of Jjinet) having 

the Opening and Spring or Rise given. 

Let abb (Fig. 73) be the opening, and o d its spring 
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or rise. In the middle of a B; at D; erect a perpendicalar 
D E^ eqoal to twice D, its rise ; and from e draw e a and 
E B^ and divide A e imd b e into anj number or equal 

Fig. 73. 

E 




parts, as a, h, c, and 1, 2, 3. Join B a, 3 c, 2 5, and 1 A, 
and it will form the arch required. 

The more parts A E and b e are divided into, the greater 
will be the accuracy of the curve. 

Many curves may be made in the same manner, accord- 
ing to the position of the lines A E and e b; and if instead 
of two lines drawn from A and B; meeting in e, a perpen- 
dicular be erected at the same points, and two lines be 
then drawn from the ends of these perpendiculars meeting 
in an angle, and these lines be divided into any number 
of equal parts, the points of the adjacent lines may be 
joined, and a curve will be formed resembling a gothio 
arch. The demonstration already given is therefore very 
useful to the workman, as he may vary the form of the 
curve by altering the position of the lines, either with 
respect to the angles which they make with each other, 
or their proportional lengths. 

Problem XXXTTI. 

■ 

To find the Form or Ourvaiure of a raking 
that shaU unite correctly, mth a 

Let A B CD (Fig. 74) be part «f tf 
which we will here suppose to 
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Mg.74. 




round ; A and o^ the points where the raking moulding 
takes its rise on the angle ; e o a^ the angle the raking 
moulding makes with the horizontal one. Draw F at 
the given angle, and from A draw A E parallel to it ; con- 
tinue B A to H, and from c make o H perpendicular to A 
H. Divide o h into any number of equal parts, as 1, 2, 
8, and draw lines pan^el to H A, as 1 a, 2 &, 3 c; and 
then in any part of the raking moulding, as i, draw i K 
perp^[idiculiar to s A, and divide i K into the same 
number of equal parts H o is divided into ; and draw 1 a, 
2 b, 3 Cy parallel to e A. Then transfer the distances, 
1 a, 2 bf S Oj and a curve drawn through these ppints 
will be the fbxm oi the curve sequired for the raking 
moulding. 

We have here shown the method to be emplpyed for 
«& ovolo, huU it is just i^e same for any other formed 
moulding as a oavetto, senureeta, &c. It may be worthy 
remark thal^ i^ter tl^e moulding is worked, and the mitre 
m^nk iii tibo mitre-box, for the level motdding, the raking 
«i88| be out, either by the means of a wedge 
Hhi Mqotred angle of the rake, or a box made 
Ik iiuki asigle^ and if this be accurately 
?iie, and the moulding, in all its 
ike level moulding. The plane 
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in whicli the raking moulding is situated is square to 
that of the level one. This is always the case in a pedi- 
ment^ the mouldings of which correspond with the return. 

Problem XXXIV. 

To find ike Form or Curvature of the Return in an open 

or broken Pediment. 

Let ABO (Fig. 75) be the angle which the pediment 

Kg. 76. 

3>rr iB 




makes with the comico; and let the form and size of the 
moulding be as in the last problem, and as shown at 
D A B H. From D drop a perpendicular on o b, and 
draw D E perpendicular to d O; or parallel to o b ; and let 
D E be equal to e i (Fig. 74.) Then from e draw e f, 
parallel to D A, and divide e f into the same number of 
parts as. I K (Fig. 74) at 1 a, 2 b, 3 c, and transfer the 
distances 1 a, 2 5; 3 C; as in Fig. 74. Then a curve line 
drawn through the points a, b, c, will be the form of the 
return for the moulding of the open pediment. 

The mitre for the return is cut in the usual manner, 
but that of the pediment is cut to the proper angle of its 
inclination, as in the last problem. In fixing the mitre, 
the portion e d a of the return must be cut away, to make 
it come flush with the top of the pediment moulding. 
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THE SURVEYOR. 

The business of the surveyor is to measure and value 
the work executed by the builder. All the departments 
of the art of building come under the consideration and 
notice of the surveyor; but, strictly speaking, he has 
nothing to do with the appropriateness of the work which 
is executed, only so far as strength and execution are con- 
cerned. Before the value of builders' work can be deter- 
mined, three things must be taken into account — the 
quality of the materials employed, the time and labour 
expended in combining them, and the quantity. 

In the remarks already made, under the first division 
of this little volume, " The Builder," we have noticed the 
quality of builders' materials; but their value can only 
be ascertained by long practice, or by the study of such 
works as "Taylor's Builder's Price Book." In esti- 
mating the value of work, it is not only necessary to study 
the intrinsic value of the materials, but also the time and 
labour expended in combining them, or in suiting them to 
the purposes for which they are to be employed; and this 
cannot be calculated without practical knowledge. But 
there is a third element in the duties of the surveyor, and 
that is, to ascertain the quantity of material used. This 
subject comes under our immediate attention, and we 
shall consequently devote a few pages to a brief considera- 
tion of the fundamental facts, which may be comprised 
under two heads — the measurement of superficies and 
solids, and the established customs in relation to the 
BMagarement of the several kinds of builders' work. 
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BISNSTJBATION OF STTPEBFIOIES. 

Problem I. 

To find the Area of a Square, 

Rule. Multiply tbe side by itself^ and the product 
will be the area. 

Let it be required to find the area of a square, the side 
of which is 17 feet. Then multiply 17 by 17^ and the 
product will be the area ; thus, 

17 X 17 = 289, the area of the square in feet. 

To find the side of a square, the area being given, it is 
only necessary to extract the square root of th^ area. 

Pbobli!M n. 

To find the Area of a Rectangle. 

Rule. Multiply the length by the breadth, and the 
product will be the area. 

Thus, let it be required to find the area of a space 10 
feet 7 inches, by 7 feet 3 inches, and it may be found in 
the following manner : — 

Ft IXL 

10 7 
7 3 



74 1 
2 7 9 

feet 76 8 9 

These two problems are most important in the measure- 
ment of all work that is estimated by superficies. Jn the 
measurement of painters' work, for instance, it is only 
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necessary to take the height and the lengthy and to mul- 
tiply the one by the other^ which gives the area in square 
feet. There are, however, some parts of superficial work 
that are estimated by one dimension, that is, by the length. 
Although these two problems are the foundation of the 
art of measuring superficies, there are some others which 
are worthy of notice. 

Problem in. 

To find the Area of a Rhombus or Rhonibotdes. 

Rule. Multiply the length by the perpendicular 
breadth, and the product will be the area. 

Let the side of a rhombus be 17 feet, and the perpen- 
dicular 15 feet, what is its area ? 

17 X 15 = 255, the area required. 

Problem IV. 

To find the Area of a Triangle, 

HuLE. Multiply the base by the perpendicular height^ 
and half the product will be the area. 

Let the Jbase of a triangle be 14* feet, and the perpen- 
dicular height 9, then 

14 X 9 = 126 -i- 2 = 63 will be the area of the triangle. 

The area of a triangle may also be found from the 
three sides. 

Rule. Add the three sides together, and from half 
the sum subtract each side separately ; then multiply the 
half sum and the three remainders together, and the 
square root of the product will be the area required. 
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Let the sides of a triaDgle be 30, 40; and 50 feet, re* 
spectively, what will be the area ? 

80 + 40 + 60 120 ^^ ^ ,^ ^ ^ ,_ .^ 
5 = -^ = 60, half the sum of the sides. 

60 — 50 = 10, first remainder. 
60 — 40 = 20, second remainder. 
60 — 30 = 80, third remainder. 

then 60 X 10 K 20 X 30 = 360000. 
^^360000 = 600 the area in feet. 



Problem V. 

Anjf two Std^s of a right-angled Triangle being given, to 

find the third Side, 

1. When the base and perpendicular are given. 
Rule. To the square of the base add the square of the 

, perpendicular, and the square root of the sum will give 
the hypothenuse. 

Let the base of a right-angled triangle be 24, and the 
perpendicular 18, what is the hypothenuse ? 

576 square of the base. 

824 square of the perpendicular. 

576 + 324 = 900 
l/900 = 30, the hypothenuse. 

2. WEen the hypothenuse and one side is given. 
Rule. Multiply the sum of the hypothenuse and one 

side by their difference ) the square root of the product 
will give the other side. 

If the hypothenuse of a right-angled triangle be 30, and 
the perpendicular 18, what will be the base ? 
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80 + 18 = 48 sum of the two aides. 

80 — 18 = 12 difference of the two sides. 

48X12 = 576 

l/676 = 24 the length of the base. 

Probi<em YI. 

To find the Area of a Trapeasittm. 

Rule. Divide the trapezium into two triangles hj a 
diagonal drawn from one angle of the figure to another. 
The areas of the triangles may be found bj the rules 
already given, and the sum will ^ve the area of the tra- 
pezium. It is unnecessary to give an example of this 
problem, as it would be only a repetition of what has been 
already illustrated. 

To find the area of irregular polygons, or many-sided 
figures, it is only necessary to reduce them into triangles 
and parallelograms, and, calculating these severally, to add 
them together : the sum will give the area of the figure. 
In this manner, the land-surveyor estimates the quantity 
of acres, roods, and perches contained within certain 
boundaries, and it may be done with considerable accu- 
racy by subdividing the space until the whole area is con- 
tained within a number of sii^le figures. The surveyor 
of builder's work, however, has seldom a necessity for this 
mode of proceeding, for it is customary, in all those cases 
where a surface has a variable hei^t, to take the medium 
between the two extremes, and consider the soperfieies 
as a parallelogram. But, as the builder is sometimes le- 
quired by circumstances to measure the gromid wfakii is 
chosen as the nte of a building, it is neeessarj ihat he 
should be able to do so when required ; and we drjolA if 
the dismemberment whidi the fndtmkm ham of krte md- 
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fered; and the ignorance of professional men upon mrtain 
sabjeots, are at all advantageous either to themselves or 
their clients. 

Problem VII. 

To find the Diameter or Circumference of a Cirde^ the 
Diameter or Circumference being given, 

1. To find the circnmference, the diameter being given. 
Rule. As 7 is to 22^ so is the diameter to the cir- 
cumference. 

If the diameter of a circle be 84.5 inches^ what is the 
circumference ? 

As 7 : 22 : : 84.6 : 265.571. 

Therefore, 265.571 is the circumference required. 

2. To find the diameter, the circumference being given. 
Rule. As 22 is to 7, so is the circumference to the 

diameter. 

Problem VIII. 

To find the Area of a Circle, 

1. When the diameter and circumference are both 
given. 

Rule. Multiply half the circumference by half the 
diameter, and the product will be the area. 

2. When the diameter is given. 

Rule. Multiply the square of the diameter by .7854, 
and the product will be the area. 

3. When the circumference is given. 

Rule. Multiply the square of the circumference by 
.07958, and the product will be the area. 
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We migbt add maoj more useful problems to those 
already demonstrated^ but we must refer the reader to 
those works which are written on the subjeot for further 
information. Mensuration is a branch of science which 
cannot be considered unimportant to &e architectural 
student, or the young workmaui though it is often 
passed over by the one as well as by the other. It is 
true that a very slight knowledge of one or two pro- 
blems is sufficient to enable the surveyor to measure 
the superficies of builders' work; but we should not 
form a very high estimate of the capacity and energy 
of a mind that was ready to receive any dogma that 
might be stated as a fact, without inquiring into the 
cause or origin of the fact itself. And yet there are 
hundreds who use rule& for no other reason than that 
they were used by their predecessors; and they them- 
selves have been, taught by their predecessors to employ 
them. The amount of knowledge and the variety of 
learning required of the architect may be pleaded as an 
excuse for ignorance; but the very difficulties and the 
labour required ought to stimulate to exertion. It is 
VQry disgraceful to be ignorant of that which most men 
understand; but there is no fionour in possessing the 
information. There is no honour in knowing as much 
and doing as much as other men ; but there is honour in 
knowing and doing more. Every individual, whatever his 
station and engagements, ought to attempt superiority, 
and to raise himself above the rank of society in which 
he happens to be bom. Poverty is not a bar to advance- 
ment, but a stimulus to exertion; and it is a singular 
fact, that those who have signalised themselves in their 
particular pursuits, have generally advanced, by personal 
exertion, from the stations to which they had a sort of 
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hereditary claim. We have been induced, by the consi- 
deration of the subject more immediately under our atten- 
tion, to make these remarks, that we may prompt the 
student's ambition. We may be permitted to say to every 
reader, and especially to those who have recently devoted 
themselves to the study of the art of , building, read and 
thoroughly understand the first six books of Euclid. Put- 
tiag out of consideration the application of this knowledge 
to the purposes of the builder and architect, we may state 
that the man who has sufficient energy of mind to attempt 
and fully accomplish this task is a hopeful man, for it 
shows decision of character. We should prefer, as a 
friendly adviser, an individual who had thoroughly mas- 
tered the six books of Euclid's geometry, to the light su- 
perficial students and reputed, scholars of the present day. 
It is scarcely possible to read so much of Euclid without, 
feeling that the mind has had a useful mental discipline ; 
and if no other advantage were gained, this, would repay 
the student for the time which he expended over the study. 
The habit of close application, and of tracing effects to 
their cause, cannot be obtained without some trouble ; but 
the quality of mind induced will have a great infiuen<^e 
upon all the future engagements of life. A man of close 
application, accustomed to inquire into the cause of the 
states or being of principles and things, will not be easily 
led into the gross errora which frequently destroy weaker 
minds. 

We may now proceed to an explanation of a few pro- 
blems in the art of measuring solids. We shall not, how- 
ever, introduce many, but confine our attention to those 
which appear most useful to the surveyor, or can be ap« 
plied in other departments of the art of building. 
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MEASUBElfENT 07 SOLIDS. 

Solids are those bodies which have length, breadth, and 
thickness; and they are distinguished from each other by 
their figure : thus, a cube, a prism, a parallelopipedon, a 
cylinder, a pyramid, a sphere. The measurement of all 
these is founded on the principles of geometry; and, as 
the surveyor may have occasion to use all the rules in 
practice, it is necessary that he should be perfectly ac- 
quainted with them, and with the principles from which 
the rules are deduced. 

Problem I. 
. To find the Solidity of a Cube, 

Definition. A cube is a solid enclosed by six equal 
square surfaces. 

Bule. Multiply the side of the square by itself, and 
that product by the side of the square, and the product of 
the two multiplications will give the solidity of the cube. 

If the side of a cube be 9 feet, what is the solidity of 
the cube ? 

9X9= 81 
81 X 9 = 729, the solidity required. 

Problem II. 

To find the Solidity of a Parallelopipedon, 

Definition. A parallelopipedon is a solid having 
six sides, every opposite two being equal and parallel to 
each other. Fig. 76. 
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Fig. 76. 






RxTLi. Multiply the length by the breadth; and Ihe 
product by the depth, and it will give the solidity required. 

If the length of a parallelopipedon be 82 incheS; ite 
breadth 54, and its depth 10, what is its solidity ? 

82X54=;. 4428. 
4428 X 10 = 44280, the solidity required. 

PaoBLEM in. 

To find the Solidity of a Piism, 

Definition. A prism is a solid the ends of which are 
parallel, equal, and of the same figure. Specific names 
are given to them, according to the form of their bases or 
ends : if they are triangles, the prism is called a trian- 
gular prism; if rectangles, rectangular, and so on. Fig. 77. 

Fig. 77. 
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« 

EuLE. Multiply the area of the base by the perpen- 
dicular height, and the produot will be the solidity re- 
quired. 

What is the solidity of a rectangular prism whose base 
is 30 inches and height 53 ? 

30 X ^^ = l^^O, the solidity in inches. 

Problem IV. 

To find the Solidity of a Cylinder. 

Definition. A cylinder is a round prism, having 
circles for its ends, and is formed by the revolution of a 
right line about the circumference of two equal circles, 
parallel to each other. 

BuLE. Multiply the area of the base by the perpen- 
dicular height of the cylinder, and it will give the 
solidity. 

Problem V. 

To find the Solidity of a Sphere. 

Definition. A sphere is a solid formed by the revo- 
lution of a semicircle round a fixed diameter. 

EuLE. Multiply the cube of the diameter by .5236, 
and the product will be the solidity. 

It must not be supposed that we consider the problem's 
introduced into this little volume all that are necessary 
for the person who is engaged in the measurement of 
builders' work. The limits of an introductory treatise 
prevent us from introducing more than those we have 
already given ; and we have chosen them because they 
appeared to us the most important. We may therefore 
now advance to a consideration of the methods adopted 
in the measurement of work. 

17 
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MEASUREMENT 07 BBIOKLAYEB's WORK. 

The bricklayer generally undertakes the digging for 
foundations^ and the execution of all kinds of brickwork| 
tiling, and sometimes slating. 

Digging for Foundations, There are two methods of 
estimating the value of excavating : It may be done by 
allowing so much a day for every man's work, or so much 
per yard cube for all that is excavated, the price being, 
of course, regulated according to the difficulties attending 
the process, and the distance to which the earth that is 
dug out must be wheeled. And here it may be necessary 
again to remark that our object is not to give the prices 
of materials or labour, but to explain the manner in which 
it is measured ; that is to say, the process by which the 
dimensions are found. 

We have already explained the method of finding the 
solidity of a cube or parallelopipedon, and it is therefore 
hardly necessary to state that, to find the cubical quantity 
in a trench, or an excavated area, the length, width, and 
depth must be multiplied together. These are usually 
given in feet, and therefore, to reduce the amount into 
cubic yards, it must be divided by 27. 

Let us suppose a trench 40 feet long, 3 feet deep, and 
3 feet wide. These dimensions will give, as the product, 
13 yards 9 feet ) and will stand in the following manner 
in the surveyor's book : — 



Ft. 


In. 


Yds. Ft. 


40 







3 





13 9 


8 
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Measurement of Bnck'toorh, 

Brick-work is measured by the rod, which is 212\ feet 
square ; but it is customary to reduce all work to 1} brick 
thick, and consequently the rule given for the measure- 
ment of excavations does not exactly apply in this case. 

Rule. Multiply the number of superficial feet con- 
tained in the wall by the number of half-bricks which 
the wall is in thickness, and divide the product by three, 
that is, three half-bricks. Then divide the product by 
272, and that will reduce it to rods. 

Let it be required to find the number of rods of reduced 
brick-work contained in a wall 50 feet long, 10 feet high, 
and two bricks thick. 

50 
10 



500 
4 No. half-bricks in thickness. 



8)2000 
272) 666 8 



. . 2 rods, 122 ft. 8 in. 

All openings (such as door and windows) are deducted 
from the amount, the whole face of brick- work being 
measured as though there were no openings. 

Measurement of Chimneys. 

When a chimney does not adjoin a party-wall, it may 
be measured taking the girt in the middle, the height of 
the story, and the depth of the jambs, since the thickness 
must be equal to the depth of the jambs. 
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A chimney shaft is measnred by taking the girt and 
the height^ something being allowed for the trouble and 
expense of scaffolding according to circumstances. 

Tiling and Slating, 

» 
Tiling and slating are measured by the square of 100 

feet, double measure being sometimes allowed for hips 

and valleys. Skylights and chimney-shafts are deducted. 

How many squares of tiling are there in a roof of 27 

feet; 6 inches deep on both sides^ and 50 feet long ? 



n. 


Tn. 


50 





27 


6 


25 





850 




100 




100)1375 






. . 13 squares; 75 feet. 

MEASUREMENT OF CARPENIXR's AND JOINER^S WORK. 

To measure carpenter and joiner's work with accuracy 
not only requires an intimate acquaintance with the 
method of executing the work, but also with the pecu- 
liarities of custom, which no ingenuity can deduce from 
any general principle, and for which no reason can be 
given. It may, however, be taken as a general rule, that 
all timbers are cubed, and boards measured superficially, 
but mouldings are valued by their length. 

It may be desirable, before we make any particulai 
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remarks; to introduce a table; which may serve the place 
of a series of definitions. 

Cabic Feet 

A load of rough timber 40 

A load of squared timber 50 

A cord of wood 128 (8 feet long, 4 

feet broad; and 4 feet deep.) 
A stack of wood 108 (12 feet long; 3 

feet broad; and 3 feet deep.) 

A ton of shipping 42 

A floor of earth 324 

A solid yard of earth 1 load. 

All joistS; girderS; and in fact all the parts of naked 
flooring; are measured by the cube; and their quantities 
are found by multiplying the length by the breadth; and 
the product by the depth. The same rule applies to the 
measurement of all the timbers of a roof; and also the 
framed timbers used in the construction of partitions. 

The following table may be useful to the student : — 



Cabio Inches. 


Oubic Foot 


OaUeTaid. 


1728 


1 




46656 


27 


1 


7762392 


4492i 


166« 


496793088000 


287496000 


10648000 



254358061056000 147197952000 5451776000 

Flooring; that is to say; the boards which cover the 
naked flooring; is measured by the square. The dimen- 
sions are taken from wall to wall; and the product is di- 
vided by 100; which gives the number of squares; but 
deductions must be made for staircases and chimneys. 

Boarded partitions are measured in the same manner 

17* 
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as flooring, deductions being made for dooi's and yniA^jwSf 
except otherwise agreed upon. Weather hoarding is also 
sometimes measured by the square, though some sur- 
veyors prefer to take it by the square yard. 

Door-cases, staircases, wainscoting, doors, and shutters 
are measured by the foot superficial. Windows are valued 
by the foot superficial^ or, as is sometimes preferred, at a 
sum per window. 

Beads, fillets, skirtings, boxings to windows, and such 
work, are generally valued by linear measure. 

MEASUREMENT OF MASON's WORK. 

The method of measuring mason's work does not much 
differ from that adopted in measuring carpenter's and 
joiner's work; that is to say, some parts are measured 
by the foot cube, some by the foot superficial, and some 
by the length. Blocks, pillars, columns, and such like, 
are valued by the foot cube, and generally all work more 
than two inches thick. Slabs, chimney-pieces, and paver's 
work are estimated by the foot superficial; mouldings and 
other small work by the foot run. 

There is much difficulty in the measurement of mason's 
work, more in fact than in any other branch of building. 
This arises from the difference of opinion among sur- 
veyors as to the most equitable method of measuring^ 
Such differences of opinion ought to be settled; for, when 
we consider the value of the material and the labour in 
many cases, it is important to the public that some fixed 
rules of practice should be adopted. 

MEASUREMENT OP PLASTERER'S WORK. 

Plasterer's work is in part measured by the yard and 
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f8ot square, and in part by the foot run. Bendering, lath 
and plastering, stucco, and pugging, are valued by the 
yard; floated friezes and soffits by the foot superficial; 
cornices and mouldings by the foot run. In rendering, no 
deduction is made but for doors and windows, except in 
rendering between the quarters, that is, where the braces 
and timbers project beyond the plastering; one-fifth is 
then generally deducted. Whitening and colouring are 
measured in the same manner as plastering. All enrich- 
ments are taken singly, and valued according to their size 
and the richness of the workmanship. If there be more 
than four angles in a room, they are allowed for. All 
cornices and mouldings, and all works where the running 
mould is used, are measured from the nose of the mould- 
ing to the wall, and we speak of a moulding as being so 
many inches according to it^ girt. 



MEASUREMENT OF PAINI^SR'S WORK. 

Nearly all painter's work is measured by the square 
yard, and all is measured over which the brush passes. 
Cornices, mouldings, narrow skirtings, reveals to doors 
and windows, and generally all work not more than nine 
inches wide, are valued by their length. Sash-frames are 
charged so much each according to their size, and the 
squares so much a dozen. Mouldings, cut in, are charged 
by the foot run, and the workman . always receives an ex- 
tra price for party-colours. Writing is charged by the inch, 
and the price given is regulated by the skill and manner 
in which the work is executed; the same is true of imita- 
tions and marbling. The price of painting varies exceed- 
ingly, some colours being more expensive and requiring 
much more labour than others. In measuring open rail- 
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ing^ it is customary to take it as flat work, wHich pays for 
the extra labour; and as the rails are painted on all sides, 
the two surfaces are taken. It is customary to allow all 
edges and sinkings. 

MEASUREMENT OF PLUMBEB'S WORK. 

All pipes are charged by linear measure, according to 
their thickness and diameters. Sheet lead is estimated at 
per cwt. Nearly all other articles are charged each ac- 
cording to the weight of lead they contain, and the trouble 
of making. To these prices the workman's time must be 
added. 

MEASUREBIENT OF GLAZIER'S WORK. 

Olaziers take their dimensions in feet, inches, and tenths, 
and estimate by the foot square. For windows it is only 
necessary to take the dimensions of one pane, and multi- 
ply the product by the number of panes. Sometimes, 
however, the surveyor will measure the length and breadth 
of the window, including bars. In fancy-work, the greatest 
length and breadth are faken, to compensate for the loss 
of material and the labour required. 

Having made these few remarks upon the method of 
measuring builder's work, we may possibly assist the stu- 
dent by giving him a few pages from a surveyor's book, 
though practice alone can give him all the information he 
requires. 





BRIOKLAyER's WORK. 


ft. in. 


Reduced. 


81 4 


ft. in. 


9 


101 8 2i brick footings. 
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ft. in. Beduced. 

81 9 ft. in. 

17 6 1426 3 1} brick external walL 



81 4 
1 10 99 4 1 brick parapet wall. 



5 4 

8 9 31 1 1 brick chimney breast. 



3 

3 6 10 6 1} brick; deduct opening. 



3 6 

4 6 26 3 2} brick chimney shaft. 



3 

4 9 14 3 1} brick, deduct window. 



4 

6 24 1} brick; deduct window. 



6 

7 28 1 brick wall of strong closet 



3 

4 8 1 brick arch to ditto. 



3 4 
> 1 6 10 Gauged archea 



5 10 
•16 17 6 Ditta 
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oabpenteb's wobk. 

ft. in. Beduced. 

23 4 ft. in. 

10 6 244 2} square, labour and nails to oom- 

mon span-roof with collar, struts^ 

72 8 and ceiling joists. 

5 

4 10 1 Fir wall plate. 



6 
5 
4 10 Add laps. 



16 4 
• 7 10 9 Tie beams. 
4} 



72 8 

4 6 Pole plate. 
3 



13 3 

9 13 Bidge 

1} 



10 
« 9 3 9 Hipi. 

1} 



14 6 

> 4 8 Eaften. 
2} 
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ft. in. Eeduoed. 
23 4 ft. in. 
'76 350 f battening for slates. 



78 8 
1 8 131 1 li deal gutter and bearers. 

22 
« 3} 13 11 Ceiling joists. 
2 



joineb's work. 

6 9 

2 9 18 7 l}-inch deal'6-paneled door moulded 

on both sides. 



16 6 

4 5 6 li-in. deal rebated and beaded jamb 

. Hnings. 

• 16 6 

4 11 Inch square grounds. 



« 16 10 33 8 OG moulding. 

6 9 

3 20 3 2-in. deal 6-paneled door, bead flush 

and square. 

2 6 

* 3 6 . 17 6 2-in. deal ovolo sash hung folding. 



12 4 

3 3 1 }-in. mitred and beaded lining. 



3 

5 6 16 6 IHn. moulded and square shutters. 
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ft. in. ft. in. 
171 3 

6 85 8 Inch deal wrought and beaded linings. 



5 

2 10 Inch wainscot counter-top; on deal 

framed brackets. 

5 

9 7 6 l}-in. deal shelves and brackets. 



2 9 
*^ 1 3 34 2 li deal steps and risers. 



* 2 9 22 Inch square bar-balusters. 



mason's work. 

7 

7 49 York paving. 



6 6 

14 7 7 York steps. 



Four mortice holes. 
83 7 33 7 Bath proper sunk and throated sills. 



86 86 12-inch feather-edged Bath coping. 

5 4 
* 1 6 32 l}-in. Portland slab. 



•11 

6 22 Mantle and jambs. 
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ft. in. ft. in. 
. 4 4 



9 1 IHn. shelf. 



Two rounded corners, four times. 
Two notohes to slabs, four times. 

^ 8 

9 9 York inner heartL 



5 6 

19 9 8 2}-in. Portland cover over entrance 

door. 

4 6 

4 6 20 3 6-in. rubbed York landing. 



17 

7 4 2 Portland jambs, and head to doorway. 
5 



7 

7 49 Thin-mbbed York paving, bedded in 

—— cement, and cramped to walls. 



plastebee's wobk. 

15 7 

15 4 238 11 Lath, plaster, float, sett; and white 
ceiling. 

9 4 Deduct chimney breast. 

7 

7 49 Add second room. 



8 

16 4 6 Deduct angle. 



It 
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ft. in. ft. in. 

14 

2 6 85 Add strings of stairs. 



63 

7 


4 
3 


459 


2 


Trowelled stncoo for pamt, 


25 

7 



3 


181 


3 


Add to staircase. 


6 
5 


3 



31 


8 


Deduct window. 


3 
5 


9 



18 


9 


Ditto. 


■1 


9 



40 


6 


Deduct doors. 


■I 



6 


21 





Deduct chimney opening. 


5 
2 


6 
6 


13 


9 


Ceiling under bow-window 



plumber's work. 

82 8 

12 11 1067 9 6 lb. milled lead to gutters. 



82 8 

6 41 4 4 lb. milled lead for flashings. 

53 8 
2 6 188 2 5 lb. miUed lead for hips and ridges. 
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ft. in. ft. in. 

80 60 4-in. iron rain-water pipe. 

2 cistern heads. 

9 

10 9 6 lb. milled lead for sink. 



3 
1 






3 





Ditto. 


4 





4 





1} in. waste pipe to sink. 
1 chain and plug to sink. 


4 
4 


6 



18 





5 lb. milled lead over bow. 

PAINTEa's WOBE. 



Three oils, grained wainscot^ and 
7 1 yamished. 

4 28 4 Door. 



16 6 16 6 Lining. 

44 6 
8 356 Partitions. 



59 4 59 4 Torus skirting. 

Two window frames. 
Three dozen squares. 

8 

4 9 14 3 Shatters. 



Four oils. 
68 4 
7 8 459 2 Partitions and walls. 
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ft. in. fib. in. 

25 

7 8 181 3 Add for stairoase. 



5 

1 7 7 11 Deal shelves and brackets. 



8 2 9 22 In square bar balusters. 
11 11 Deal framed newel. 



12 6 12 6 Deal moulded hand-rail. 



8 

8 4 26 8 Closet front. 



52 10 52 10 Chair-raU. 



slater's work. 

23 8 

15 348 9 Bi squares best countess slating. 



^ 9 6 

1 38 Cutting to hips. 









glazier's work. 


1 
1 


2 



82 


8 Best seconds glass. 


1 
1 


6 
1 


19 


6 Best crown glass. 

• 

smith's work. 



20 feet plain iron railing. 
4 cast-iron gratings to arbour win- 
dows; let into stone jambs. 
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83 feet wrought-iron railing to stairs. 
8 pair 8-inch brass iron-butt hinges 

and screws. 
8 7-in. iron-rim locks and screws. 
Iron cramps and plugs for mason 

and plumber. 
4 6-inch iron bolts. 
1 iron barrel chain. 

We have now explained the manner in which the sur- 
veyor enters his measurements, as well as the manner in 
which the several works are measured. For the value of 
the materials and workmanship, we must again refer the 
reader to Taylor's Builder's Price-Book. We have, how-* 
ever, another task to perform, before we can pass on to the 
third part of our little book, and that is to introduce 
a few tables, which may be usefal to the student, as the 
basis of calculations that he may under several circum- 
stances be required to perform. 



TaUe of the Cohesive Strength of Bodies, 

Pounds Avoirdnpoifl. 

Iron rod an inch square will bear 76,400 

Brass 35,600 

Hempen rope 19,600 

Ivory ; 16,700 

Oak, box, yew, plum-tree 7,850 

Elm, ash, beech 6,070 

Walnut, plum 5,360 

Red fir, holly, elder, crab^. 5,000 

Cherry, hazel .*. 4,760 

Alder, asp, birch, willow 4,290 

Lead 430 

Freestone 914 

IS* 
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This table is the result of a series of experiments made 
by the celebrated Emerson ; but Mr. Barlow^ speaking of 
the result^ says 'Hhey all fall very short of the ultimate 
strength of the woods to which they refer." 

Mr. George Rennie made some experiments upon the 
resistance of timbers to crushing ; the following results 
were obtained : — 

English oak (base one inch; square length 

one inch;) crushed by 8860 

White deal 1928 

American pine 1606 

Elm 1284 

The following table gives the relative strength of dif- 
ferent woods, the beams being supported at one end ; each 
kind being 4 feet long, 2 inches broad, and 2 inches deep : 

Kind of Wood. Weight in Pounds that 

broke the piece. 

English oak 266 

Dantzic oak. 210 

Riga fir 210 

Pitch pine > 270 

In the following results, pieces 3 feet long, 2 inches 
broad, and 2 inches deep, were used : — 

lbs. 

Beech 401 

Ash 436 

In the following results, pieces 5 feet long, 2 inches 
broad, and 2 inches deep : — 

lbs. 

Green ash 239 

Teak !. 257 

Virginian yellow pine 147 

Canadian white pine 122 

Dry larch 162 
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It is sometimes necessary to determine the specific 
gravity of bodies ; that is, to find the proportional weight 
of bodies, in relation to some standard. The whole theory 
of sinking and floating should be thoroughly understood 
by the student. A balloon does not rise in the atmo- 
sphere, a cork float upon water, and lead sink in it, with- 
out a cause ; but, when any substance sinks in a fluid, it 
is because it is heavier than an equal bulk of that fluid; 
when it floats, because it is lighter. 

The builder does not often require a table of specific 
gravities, but it may be sometimes serviceable, and we 
shall select those substances which he most frequently 
employs. 

Tahle of Specific Gravity and Weight of Woods. 

Spedflc Weight of a Cnbio 
GraTity. foot Avoir, lbs. 

Poplar 383 ...... 23.94 

Larch 544 34.00 

Elm 556 34.75 

Honduras mahogany 560 35.00 

Poom 579 36.18 

Willow 585 36.56 

Cedar 596 37.25 

Pitch pine .660 41.25 

Pear-tree 661 44.31 

Walnut 671 41.94 

Mar forest tree 694 ...... 43.37 

Elder-tree .^ 695 43.44 

Beech ! 696 43.50 

Orange-wood 705 44.06 

Cherry-tree 715 44.68 

Teak 745 ...... 46.56 ^ 
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Spedflo Weight of a CnUe 
Grarily. fix>t Avoir, lbs. 

Maple and Biga fir 750 46.87 

Ash and Dan. oak 760 47.50 

Yew, Dutch 788 49.25 

* Apple-tree 798 49.56 

Alder 800 50.00 

Yew, Spanish 807 50.44 

Mahogany, Spanish 852 53.25 

Oak, Canadian 872 54.50 

Box, French 912 57.00 

Logwood 913 57.06 

Oak, English 970 ...... 

Ehony 1.331 83.18 

Lignum Vitae 1.333 83.31 

The following tahle may he very useful, as giving the 
weight of several materials commonly used in huilding : — 

14.835 cubic feet of Paving stone weigh 1 ton. 

14.222 — Common stone — 

13.505 — Granite — 

13.070 — Marble — 

12.874 — Chalk — 

11.273 — Limestone — 

64.460 — Elm — 

64.000 — Honduras mahogany — 

51.650 — Mar forest fir — 

51.494 — Beech ^ — 

47.762 — Riga fir ' — 

47.158 — Ash and Dantzic oak — 

42.066 — Spanish mahogany — 

36.205 — English oak — 
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THE ARCHITECT. 

Arohiteotxtre has been sometimes defined the art of 
building ; but it is more properly the art of designing 
buildings according to those principles which civilized man 
has acknowledged to constitute beauty, and those which 
science has proved to be necessary for stability. If archi- 
tecture be the art of building, it may be found among the 
savages of Africa and Australia, as well as in the civilized 
societies of Europe and America. The man who con- 
structs a rude misshapen hut, as his only shelter from the 
turbulence of the elements, has as much right to be called 
an architect as the masters of antiquity who designed the 
magnificent temples of Greece and Rome. But architec- 
ture is not the art of building ; it is the art of building 
according to established laws, calculated to secure strength^ 
comfort, and beauty. 

We are not ignorant that there are many persons who 
very highly esteem the architecture of the present day, 
and flatter themselves that some of the buildings erected 
in our own age may go down to posterity as models of 
perfection. Where these specimens of taste are to be 
found, we know not ; but why they are not to be found is 
quite evident. The blame is not to be attached to the 
architect, for there are men capable of executing works as 
far superior to the bald and prison-like structures which 
haunt the metropolis, as they are, in strength, to the mud- 
hut of the Indian. Unfair, or rather mock, competition 
is the parent of that darkness which must envelop the 
architectural talent of the country. In the present dayj 
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influential friends are more valuable than talent; and there 
has never been a period in the history of the world in 
which the architect has been less esteemed as a man of 
science, learning, and taste. How differently the archi- 
tects of antiquity were encouraged and treated, may be 
gathered from the celebrated letter of the Emperor Theo- 
dosius to Symmachus. 

'^The dispositions of our palace are so well ordered 
that our learned artists cannot pay too much to conserve 
it, since the admirable beauty of this chief work, if not 
kept in repair, in the end would be destroyed by the lapse 
of time. These excellent constructions make my delights; 
they are the noble image of the power of the empire, and 
they attest the greatness and glory of kingdoms. The 
palace of the monarch is represented to the ambassadors 
as an edifice worthy of their admiration ; and, at first sight, 
the master appears to them such as his habitation seems 
to announce. It is then a great pleasure to a prince, who 
is a connoisseur, to inhabit a palace which unites all the 
perfections of the art ; and there refresh his mind from 
the occupation of public affairs, by the charm which the 
marvels of his edifice procure him. It is said that the 
Cyclops were the first who built, in Sicily, edifices as 
spacious as the caverns which they had abandoned, after 
Ulysses had deprived the unfortunate Polyphemus of sight. 
It was from thence that the art of construction passed into 
Italy ; and posterity, rivals of these first architects, profited 
from their inventions, and employed them for their neces- 
sities and comfort. 

" From this, we notify that your intelligence and talents 
have determined us to confide to you the care of our palace. 
Our desire is that you be attentive to preserve, in its an- 
cient splendour, all that is antique, and that what you add 
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bo unBtraoted in the eame taete ; for as a beautiful foim 
ought to be clotlied with a uniform colour, in like manner 
it ia befitting that the aame beauty and the same taste 
reign in all the membera and parte of our palace. B; 
often reading Enclid, and imprinting on your mind the 
astonishing variety of figures with which he has enriched 
his books of geometry, you will be rendered capable of 
kcoomplishing our intentions, and be in immediate posses- 
«on of matter to ansirer our reqnests. Have also always 
in view the profound lessons of Archimedes and Metrobes, 
in order to enable yon to produce new works of merit. 
This b not an employment of little consequence which is 
confided to yon, since it obliges you to accomplish, by the 
ministry of your art, the ardent desire we have to illnstrato 
our reign with new edifices. For, whether we wish to 
repair a city, build fortresses, or yield to the flattering 
pleasure of erecting a pr^torium, you will be obliged to . 
execute and give a sensible existence to the objecte on 
which we may determine. What employment more bononr- 
able, what office more glorious, than this, which places 
yon within the reach of transmitting to the most distant 
ages edifices which will insure yon the admiration of pos- 
terity ! For you ore required to direct the mason, sculptor 
of ma.rlile, founder of bronze, workmen in stnooo and 
piaster, and painter in mosaic. Tou are bound to teaoh 
f which they are ignorant, and to resolve the 
L this army of men, who work under yoor 
d who are to have reoonrse to your enlightened 
propose to ; ron. Behind, then, how itauch he 
who hi so many to instruct. But yon 
&nits o r labboiB ; and the success of 

Imtc well conducted, will 
«• j9umoBt flattering 
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recompense. For this reason, we wish, whatever you may 
be charged to build, that it be done with so much intelli- 
gence and solidity that the new erections may only differ 
from the ancient in the freshness of their date. That will 
be possible to you, if a base cupidity never incline you to 
deprive the workman of a part of our bounty. It is easy 
to make yourself obeyed, if they receive an honest and 
competent salary, without fraud or reserve. A generous 
hand animates the genius of the arts ; and all the ardour of 
the artist is directed to his work, when he is not distracted 
by care for a subsistence. Further, consider what the 
distinctions are with which you are decorated ; you walk 
immediately before our person, in the midst of a numerous 
retinue, having the golden rod in hand, a prerogative 
which, by your approaching so near to us, announces that 
it is to you that we have confided the execution of our 
4 palace." 

From this letter, we learn that architecture was highly 
esteemed by the ancients, and that the highest honours 
were offered to those who successfully pursued the prac- 
tice. The mercenary motives with which the profession is 
followed in the present day arise in a great measure from 
the withdrawal of those inducements to excellence which 
were offered to the ancients, and even to our forefathers. 
The student soon discovers that honour is not to be imme- 
diately obtained, even by pre-eminent talent, and that 
there is but one thing to be procured by the pursuit of his 
profession, and that is money. But wealth is not the at- 
tendant of great skill and honourable exertion; mediocrity 
of talent, bare-faced impudence and cunning, are more 
likely to secure it. A knowledge of this — ^and it is a fact, 
however unpleasant it may be to acknowledge it — ^is suffi- 
cient to suppress that enthusiasm by which alone eminence 
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can be attained^ and to excite those practices which are 
inimical to the dignity of the profession. The architect 
should, however, remember that the public taste is some- 
what under his control ; and that, although undeviating 
honour, and an attention to his own dignity, may tend 
for a period to withhold success, yet time, the corrector 
of all things, will bring him both wealth and honour. 

These remarks lead us to the inquiry: What is required 
of an architect? or, rather. What should be his character, 
talents, and attainments? We leave Vitruvius to answer 
this question; and, as the writings of this celebrated 
author may not be in the possession of all our readers, 
we shall give a translation of the chapter '* On the 
Education of an Architect." 

^^ An architect should be ingenious, and apt in the ac- 
quisition of knowledge. Deficient in either of these quali- 
ties, he cannot be a perfect master. He should be a good 
writer/ a skilful draughtsman, versed in geometry and 
optics, expert in figures, acquainted with history, informed 
on the principles of natural and moral philosophy, some- 
what of a musician, not ignorant of the sciences both of 
law and physic, nor of the motions, laws, and relations to 
each other of the heavenly bodies. By means of the first- 
named acquirements, he is to commit to writing his ob- 
servations and experience, in order to assist his memory. 
Drawing is employed in representing the forms of his 
designs. Geometry affords much aid to the architect : to 
it he owes the use of the right line and circle, the level 
and the square, whereby his delineations of buildings on 
plane surfaces are greatly facilitated. The science of optics 
enables him to introduce with judgment the requisite quan- 
tity of light, according to the aspect. Arithmetic estimates 
the cost, and aids in the measurement of the works ; thiS; 

19 
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assisted by the laws of geometry, determines those abstruse 
questions wherein the different proportions of some parts 
to others are involved. Unless acquainted with history, 
he will be unable to account for the use of many ornaments 
which he may have occasion to introduce. For instancCi 
should any one wish for information on the origin of those 
draped matronal figures^ crowned with a mutulus and 
cornice, called Caryatides, he will explain it by the fol- 
lowing history : Gary a, a city of Peloponnesus, joined the 
Persians in their war against the Greeks. These, in return 
for the treachery, after having freed themselves, by a most 
glorious victory, from the intended Persian yoke, unani- 
mously resolved to levy war against the Caryans. Carya 
was, in consequence, taken and destroyed ; its male popu- 
lation extinguished, and its matrons carried into slavery. 
That these circumstances might be better remembered^ 
and the nature of the triumph perpetuated, the victors re- 
presented them draped, and apparently suffering under the 
burden with which they were loaded, to expiate the crime 
of their native city. Thus, in their edifices, did the an- 
cient architects, by the use of the statues, hand down to 
posterity a memorial of the crime of the Caryans. Again, 
a small number of Lacedaemonians, under the command 
of Pausanias, the son of Cleombrotus, overthrew the prodi- 
gious army of the Persians at the battle of Plateae. After 
a triumphal exhibition of the spoil and booty, the proceeds 
of the valour and devotion of the victors were applied by 
the government in the erection of the Persian portico; 
and, as an appropriate monument of the victory, and a 
trophy for the admiration of posterity, its roof was sup- 
ported by statues of the barbarians, in their magnificent 
costume; indicating, at the same time, the merited con- 
tempt due to their haughty projects, intimidating their 
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enemies bj fear of their courage, and acting as a stimulus 
to their fellow-countrymen to be always in readiness for 
the defence of the nation. This is the origin of the Per- 
sian order for the support of an entablature — an inven- 
tion which has enriched many a design with the singular 
variety it exhibits. Many other matters of history have 
a connection with architecture, and prove the necessity of 
its professors being well versed in it. 

'' Moral philosophy will teach the architect to be above 
meanness in his dealings, and to avoid arrogance : it will 
make him just, compliant, and faithful to his employer; 
and, what is of the highest importance, it will prevent 
avarice gaining an ascendancy over him : for he should 
not be occupied with the thoughts of filling his coffers, 
nor with the desire of grasping every thing in the shape 
of gain ; but, by the gravity of his manners and a good 
character, should be careful to preserve his dignity. In 
these respects, we see the importance of moral philosophy, 
for such are her precepts. That branch of philosophy which 
the Greeks call ^tfi.oxoyta, or the doctrine of physics, 
is necessary to him in the solution of various problems ; 
as, for instance, in the conduct of water, whose natural 
forco,.in its meandering and expansion over flat countries, 
is often such as to require restraints which none know how 
to employ but those who are acquainted with the laws of 
nature ; nor, indeed, unless grounded on the first principles 
of physic, can he study with profit the works of Ctesibius, 
Archimedes, and many other authors who have written 
on the subject. Music assists him in the use of harmonic 
and mathematical proportion. It is, moreover, absolutely 
necessary in adjustiog the force of the balistse, catapultaa, 
and scorpions, in whose frames are holes for the passage of 
the homotona, which are strained by gut-ropes attached to 
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windlasses worked by handspikes. Unless these ropes 
are equally extended, which only a nice ear can discoyer 
by their sound when struck, the bent arms of the engine 
do not give an equal impetus when disengaged, and the 
strings, therefore, not being in equal states of tension, pre- 
vent the direct flight of the weapon. So the vessels, called 
^x^ia by the Greeks, which are placed in certain recesses 
under the seats of the theatres, are fixed and arranged 
with a due regard to the laws of harmony and physics, 
their tones being fourths, fifths, and octaves ; so that when 
the voice of the actor is in unison with the pitch of these 
instruments, its power is increased and mellowed by im- 
pinging thereon. He would, moreover, be at a loss in 
constructing hydraulic and other engines, if ignorant of 
music. Skill in physic enables him to ascertain the salu- 
brity of difierent tracts of country, and to determine the 
variations of climates, which the Greeks call xxvfiatai 
for the air and water of different situations being matters 
of the highest importance, no building will be healthy 
without attention to those points. Law should be an 
object of his study, especially those parts of it which re- 
late to party walls, to the free course and discharge of the 
eaves' waters, the regulations of cesspools and sewerage, 
and those relating to windowjights. The laws of sewerage 
require his particular attention, that he may prevent his 
employers being involved in lawsuits when the building 
is finished. Contracts, also, for the execution of the works 
should be drawn with care and precision ; because, when 
without legal flaws, neither party will be able to take ad- 
vantage of the other. Astronomy instructs him in the 
points of the heavens, the laws of the celestial bodies, the 
equinoxes, solstices, and courses of the stars; all of which 
should be well understood in the construction and propor- 
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tions of clocks. Since, therefore, this art is founded upon 
and adorned with so many different sciences, I am of 
opinion that those who have not, from their earliest youth, 
gradually climbed up to the summit, cannot without pre- 
sumption call themselves masters of it. Perhaps, to the 
uninformed, it may appear unaccountable that a man 
should be able to retain in his memory such a variety of 
learning; but the close alliance with each other of the 
different branches of science will explain the difficulty; 
for as a body is composed of various concordant members, 
so does the whole circle of learning consist in one harmo- 
nious system. Wherefore those who from an early age 
are initiated in the different branches of learning have a 
facility in acqmring some knowledge of all, from their 
common connection with each other. On this account, 
Pythius, one of the ancients, architect of the noble temple 
of Minerva at Priene, says, in his commentaries, that an 
architect should have that perfect knowledge of each art 
and science which is not even acquired by the professors 
of any one in particular, who have had every opportunity 
of improving themselves in it. This, however, cannot be 
necessary; for how can it be expected that an architect 
should equal Aristarchus as a grammarian ? yet*should he 
not be ignorant of grammar. In music, though it be evi- 
dent he need not equal Aristoxenus, yet he should know 
something of it. Though he need not excel, as Apelles, 
in painting, nor as Myron or Polycletus, in sculpture, yet 
he should have attained some proficiency in these arts. 
So, in the science of medicine, it is not required that he 
should equal Hippocrates. Thus also in other sciences, it 
is not important that pre-eminence in each be gained ; but 
he must not, however, be ignorant of the general princi'- 
ples of each. For in such a variety of matters it cannot 
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be supposed that the same person can arriye at excellence 
in each, since to be aware of their several niceties and 
bearings cannot fall within his power. We see how few 
of those who profess a particular art arrive at perfection 
in it so as to distinguish themselves; hence, if but few of 
those practicing an individual art obtain lasting fame, 
how should the architect, who is required to have a know- 
ledge of so many, be deficient in none of them, and even 
excel those who have professed any one exclusively? 
Wherefore Pythius seems to have been in error, forgetting 
that art consists in practice and theory. Theory is com- 
mon to and may be known by all ; the result of practice 
occurs to the artist in his own art only. The physician 
and musician are each obliged to have some regard to the 
beating of the pulse and the motion of the feet; but who 
would apply to the latter to heal a wound or cure a malady? 
so without the aid of the former the musician afiects the 
ear of his audience by modulations upon his instrument. 
The astronomer and the musician delight in similar pro- 
portions, for the position of the stars, which are quartile 
and trine, answer to a fourth and fifth harmony. The 
same analogy holds in that branch of geometry which the 
Greeks call xoyo$ onti^xoi : indeed, throughout the whole 
range of art there are many incidents common to all. 
Practice alone 9an lead to excellence in any one; that 
architect, therefore, is sufficiently educated whose general 
knowledge enables him to give his opinion on any branch 
when required to do so. Those unto whom nature has 
been so bountiful that they are at once geometricians, 
astronomers, musicians, and skilled in many other arts, 
go beyond what is required of the architect, and may be 
properly called mathematirjans, in the extended sense of 
*he word. Men so gifted discriminate accurately, and 
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are rarely met with. Such, however, was Aristarchus of 
Samos; Philolaus, and Archytas of Tarentum; ApoUonius 
of Perga, Eratosthenes of Cyrene, Archimedes and Sco- 
pinas of Syracuse, each of whom wrote on all the sci- 
ences." 

It would be considered invidious to compare the pre- 
sent state of architecture with what it was when such 
varied acquirements as those stated by Vitruvius were 
considered necessary. But we cannot too strongly im- 
press this consideration upon the student, for it will ex- 
cite him to great activity and a determination to use his 
best endeavours for success. Plato says that a good 
architect was a rarity in Greece. It need not be so in 
Britain — ^we have talent enough in the country for all 
other pursuits, why not for this? We and our fore- 
fathers have formed too low an opinion of the knowledge 
both in extent arid objects required of those who pursue 
this most noble profession. We do not fear to state that 
architecture requires a more varied and profound know- 
ledge of both literature and science than any other pur- 
suit ; and yet it is usually supposed that a knowledge of 
drawing is all that is required. This is the source of all 
the mischief : it has lowered the profession in the esti- 
mation of observing and intelligent men; and it has ' 
done more — ^it has dismembered the profession, and 
created party jealousies that are highly unbecoming and 
injurious. The civil engineer complains of the architect, 
because he is not capable of executing works which 
require an acquaintance with scientific and mathematical 
principles ; the architect considers the engineer to be a 
man without taste ; and the surveyor charges them both 
with an ignorance of the method of measuring and 
valuing the works they design. Let the reader apply 



224 THS builder's companion. 

these remarks as they are intended bj the author, not as 
a charge against those who are now practising the art^ 
for there are many, very many, who combine an exten- 
sive learning with an integrity of principle that does 
honour to the profession, as well as to themselves — ^but 
as a reason why students should devote themselves with 
a more than common earnestness toward the acquisition 
of those several branches of knowledge which are neces- 
sary for a successful practice. 

In the remarks we are about to make upon architec- 
ture, it will be our object to direct the attention of 
the student to some of those principles which are 
acknowledged, on all hands, to be the constituents of 
beauty, and to adduce a few examples in which these 
principles have been successfully employed. These ob- 
jects will be best secured by a brief history of the art, 
with such de.tails, in relation to particular structures, as 
may appear necessary. 

There is more philosophy in the old proverb, " Neces- 
sity is the mother of invention,'' than is usually ad- 
mitted. All those arts and sciences which yield most 
advantage to man in his social and individual capacity 
have been the first to advance toward perfection. Man 
' insensibly surrounds himself with comforts which give 
birth to luxuries. This is consistent with his nature. 
It cannot be denied that indolence and personal gratifica- 
tion are elements in the constitution of the human mind ; 
and if this statement be admitted, it accounts for the 
acknowledged fact that the sciences of practical utility 
have first arrived at maturity. But, although we make 
this assertion, we do not forget that even in the days of 
Homer but few, if any, of the now acknowledged princi- 
ples of architecture had been determined. This fact, 
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however, rather supports than opposes our theory. 
Poetry is a beautiful representation of a vivid imagina- 
tion, and architecture is the application of imagination 
directed by utility to a specific purpose — the comforts and 
luxuries of life. The arts, generally, and architecture 
especially, as soon as its principles were determined, have 
either kept pace with or preceded poetry: they are 
guided by the same faculty, and when one has declined 
the other has participated in the influence that produced 
the decrease. So, also, as the one advanced, it attracted 
the other. But poetry is the representation of the imagi- 
native faculty, conveyed to the ear and transmitted to 
posterity by oral tradition or by a written language, with- 
out any other facilities than those in the possession of the 
poet; whereas architecture, on the other hand, requires 
not only an imagination, but wealth, to give a material 
existence to the *ideas of the designer. The poet may 
present to the mind of an observer a beautiful picture, 
but the architect gives being to his representation, and to 
do this something more than imagination is required. 

If we were to trace the art of architecture back to its 
origin, we should tire the reader with a long disquisition 
upon primitive huts, as many before us have done ; and 
little advantage could, in the end, be obtained from all 
our researches. We shall therefore content ourselves, 
and we hope our readers, by commencing with the earliest 
recorded period of architectural skill. 

Syrian Architecture. 

Babylon is one of the most celebrated cities of an- 
tiquity, but it is doubtful whether it owes its origin to 
Nimrod or to Semiramis. All antiquaries, however, 
admit that it was a city of immense extent, and that 
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the tower of Babel^ mentioned in the Holy Scriptures^ 
as the cause of the confusion of tongues, was contained 
within its walls. This building is supposed to be the 
same as that called the temple of Belus, which, accord- 
ing to Strabo, consisted of eight square towers, rising one 
above the .other, and connected with a general staircase 
on the outside. 

This city was afterward enlarged and embellished by 
Nebuchadnezzar, the personage whose history is given in 
Scripture as a warning to the presumptuous. The city 
was bounded by a wall of immense thickness, surrounded 
by a ditch ; and a hundred gates of brass, defended by 
towers, led to its interior. 

Palmyra was another city of importance in Syria, and 
is supposed by some antiquaries to have been built by 
Solomon. It is now a mass of ruins ; but it is magnificent 
even in its decay, and presents many objects of interest 
to the classical traveller. 

Balbec, or Heliopolis, is celebrated for a beautiful 
temple of the sun, supposed to have been erected by An- 
toninus Pius. 

Nineveh, a city celebrated in ancient history, is stated 
to have been of immense extent, and to have contained 
many buildings of great magnitude. We learn from his- 
tory that its walls were three hundred feet high, and that 
three chariots could have been driven abreast upon them. 

Persian Architecture. 

If we turn from that part of the world first inhabited 
by man to other districts early possessed by him, we shall 
find the same evidence of the extent and splendour of 
ancient architecture. But it is worthy of remark that 
the magnificence of these ancient cities did not oomdrt f 
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the elegance, or in the accurate proportions of the build- 
ings, but in their vastness, and the rich and costly mate- 
rials employed in their construction. This is true not 
only of Persia, but also of India, Egypt, and the coun- 
tries which preceded them. Persepolis was, so far as 
history informs us, the principal city in ancient Persia; 
and we have an evidence of the statement in the extent 
and grandeur of the ruins. There are, however, no ruins 
of temples, for the opinions of the ancient Persians pre- 
vented their erection. They were Tsabaists, and held the 
doctrine that it was improper to worship in places where 
the Deity would be confined by walls ; under the supposi- 
tion that a being who could fill the universe could not 
dwell in a temple made with hands. 

Persepolis was celebrated for a magnificent palace, 
called by the inhabitants Chehul Minary or Tsehil Minar, 
the place of forty columns. The style has a great resem* 
blance to that of the Egyptians. The blocks of stone are 
of huge dimensions, and bear inscriptions in Arabic, Per- 
sian, and Greek ; many of these have, according to Dr. 
Hyde, been written in honour of Alexander the Great. 
The whole structure was composed of deep gray, hard 
marble, susceptible of a fine polish. ' 

Indian Architecture, 

There was a great peculiarity of character in all that 
was done by the Hindoos, and they seem to have ad- 
vanced above all the ancient nations in knowledge gene- 
rally, and especially in the sciences of quantity and 
number. It is a singular circumstance, and worthy o^ 
notice, that this people had acquired so extensive an ac- 
quaintance with the exact sciences that they discovered 
used the Binomial theorem; and other mathematical 
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mles, supposed to be of modern inventioD, until the trans- 
lation of Slianscrita manuBcripts by Sir William Jones 
and other oriental scholars. The principal specimens of 
Indian architecture which have descended to ns are vast 
excavations that have been apparently used as temples. 
That in the island of Elephanta is supposed to be the 
most ancient; and next to it those in the islands of Ellora, 
SalsettC; and Canarah. But we must not look at these 
as if they were the only records of the art and science of 
the Hindoos^ for there is abundant evidence that in later 
times they erected some very beautiful temples, among 
which that of Benares was probably pre-eminent ; for a 
column which is still in existence is considered the finest 
specimen of eastern art. 

The temple in Elephanta is a square about 135 feet on 
each side, and 14} feet high. The roof is supported by 
ranges of columns, which are more elegant than those of 
the Egyptians, and the walls are covered with gigantic 
figures sculptured in relievo. The excavations of Sal- 
sette are near the village of Ambola. The temple is a 
square of about 28 feet, and is approached by a long 
walk, at the end of which there is a gateway, 20 feet 
high, leading to a grand vestibule. The roof of the 
temple is supported by twenty columns, resembling those 
at Elephanta, and about 14 feet high ; but as they are 
composed of a softer stone, they are not so well pre- 
served. 

Egyptian Architecture, 

There is a difference of opinion among antiquaries and 
architects as to the relative merits of the Hindoos and 
Egyptians. Some evidence may certainly be adduced to 
prove that the Hindoos were the fathers of science and 
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art, and that the Egyptians derived more assistance from 
them than they were willing to acknowledge. But, how- 
ever this may be^ it cannot be denied that there is a gene- 
ral resemblance between the two styles of archi^-ecture ; 
but we know much more of the character of the Egyptian 
than of the Indian. 

It is not necessary that we should, in this general 
sketch; enter into any particulars in relation to the re- 
maining specimens of Egyptian architecture. It was dis- 
tinguished by its massiveness and the richness of its 
ornaments. Memphis was one of the principal cities of 
Egypt, and is said to have been built by Menes, A. C. 
2188. Near to this city stood the celebrated pyramids, 
the largest of which covered a space of 435,600 square 
feet ; and the Sphinx Ghizk was in the same neighbor- 
hood. All the sacred buildings of Egypt were deco- 
rated with massive columns, generally without a base, the 
capitals being of various descriptions; sometimes con- 
sisting of a single abacus, but havitig commonly a bell 
shape, reversed, variously decorated. The walls were 
thick, and built of stones, embellished with emblematic 
devices, which the moderns have been able to interpret. 
The roofs also were formed of stone in immense blocks, 
and wide steps of the same materistl were commonly pro- 
vided at the entrance of the temple, between sphinxes of 
enormous size. 

Egyptian architecture is solemn, and frequently sepul- 
chral, characterized by a stiffness of contour, solidity, and 
massiveness. But, at the same time, it is the parent of 
all that airy elegance and grace which so peculiarly dis- 
tinguish the Grecian. The walls of Egyptian buildings 
were usually thick, and the roof consisted of a single 
stone, supported by pillars of different shapes, round; 
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or oetagonal. It has been stated that the Egyptians were 
unacquainted with the arch, but Dr. Pocock objects to 
this assertion, and Belzoni found rude specimens at 
Thebes and Goumou. The principal Egyptian buildings 
were the pyramids, obelisks, labyrinths, monolithal cham- 
bers, sphinxes, and temples. 

The largest of the pyramids is situated a few miles from 
Cairo, and each side of its base, which is a square, is said 
to be 660 feet; its height is about 500 feet, and its summit 
finishes with a platform about 16 feet square. It is a 
singular circumstance that authors greatly differ in their 
measurements, as will be seen by the following table :— 

Aufhora. Height Width of one Side. 



Strabo 


. ...• \^\fV AV/WV • * < 

626 


600 


Diodorus 


600 


700 


Pliny 




708 


Thevenot 


520 


612 


Le Brun 


616 


704 


Niebuhr 


440 


710 


Greaves 


1 . • . . *X X 2. • .' 


648 



But we pass from the review of these comparatively 
speculative subjects to one which immediately directs the 
practice of the art in the present day. Grecian archi- 
tecture is in itself so perfect that no improvement has 
been made in its details from the period when it was at 
its highest state among its inventors until the present 
moment; a circumstance which proves more than any 
other the excellence of the principles they adopted. 

Grecian Architecture, 

It is impossible to determine the period when architec- 
ture received the elements of perfection in Greece. We 
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are, in fact, left in so much ignorance of the subject, that 
we do not even know whether it was the result of the at- 
. tention given to it in a single age, or whether it was of slow 
growth, advancing with the civilization of the people. 
History is silent as to the infancy of this noble science ; 
and we examine it, first of all, in the majesty and beauty 
of its maturity. 

Grecian architecture consists of three orders : the Doric, 
the Ionic, and the Corinthian. The essential parts of an 
order are a column and an entablature ; and the orders are 
distinguished from each other by the form of the bases, 
and capitals of the columns, as well as by the height and 
form of the shaft, and the details of the entablature. There 
are eight mouldings introduced in the orders : the ovolo, 
the talon, the cyma, the cavetto, the torus, the astragal, 
the scotia, and the fillet. But these are. not used promis- 
cuously. Each one has its place ; and the position in one 
order does not warrant the conclusion that it has neces- 
sarily the same place in the others. We shall, however, 
now proceed to an explanation of the orders separately, 
and to give such particular information as our limits may 
permit. 

The Doric Order. 

The Doric is admitted to be the oldest of all the Gre- 
cian orders of architecture. Its origin and its name are 
involved in as much obscurity as its advance to perfection. 
According to some writers, it was invented by Dorus, the 
son of Helenus, King of Achaia and Peloponnesus ; and 
was employed in the temple built by him, in honour of 
Juno, at Argos. There seems, however, to be some evi- 
dence that it was known and adopted by the Dorians, 
before it came into general use among the Greeks, and 
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therefore other persons have stated that it derives its name 
from this circumstance. That it was introduced into 
Greece at a very early period in the history of that country, 
there can be no doubt, for Yitruvius, having no better 
evidence, was compelled to adopt a fable to account for 
its invention. ^' Dorus, the son of Helenus, and of the 
nymph Optice, King of Achaia, and all Peloponnesus, 
having once caused a temple to be built to Juno, in the 
ancient city of Argos, this temple was of the style we call 
Doric. Afterward, this order was employed in all the 
other cities of Achaia, without having as yet any estab- 
lished rule for the proportions of its architecture. But as 
they, the Greeks, were unacquainted with the proportion 
it was necessary to give to columns, they sought the means 
of making them sufficiently strong to sustain the weight 
of the edifice, and to render them agreeable to the view. 
For that end they took the measure of the foot of a man, 
which is the sixth part of his height, after which measure 
they formed their columns in such a manner that, in pro- 
portion to this measure, which they gave to the thickness 
of the foot of the column, they made it six times that 
height, including the capital : and thus the Doric column, 
which was first employed in the edifices, had the propor- 
tion, force, and beauty of the body of a man." 

This statement is extremely absurd in itself, and is op- 
posed to the common progress of arts and sciences. No 
really valuable information is obtained by guessing, and 
no science is born in a state of maturity. Perfection can 
be obtained only after a long and continued application of 
the mind to the pursuit. It was thus with the Grecian 
Doric order, for at first it was rude and heavy; but by suc- 
cessive improvements its proportions were at last deter- 
mined, and it assumed a light though stable appearance. 
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The temple of Corinth is an example of the early Doric, 
and it will be observed, when comparing this specimen 
with others, that the column is shorter, and the capital 
less projecting than in more recent examples. 

The Grecian Doric column has no base, not even tori or 
fillets. The shaft is sometimes fluted, and sometimes 
plain } and we find a few examples in which it is fluted 
on the top and bottom only. The flutes are wide and not 
sunk to any great depth. 

The following are the principal existing specimens of 
Grecian Doric : — ^The temple at Corinth ; the temples of 
Theseus and Minerva; the Parthenon; the temple of Jupi- 
ter Nemaeus, between Argos and Corinth ; the Propylaea 
and Portico of the Agora at Athens; the temple of Apollo 
in the Island of Delas ; the temples of Juno Lucina and 
Concord at Agrigentum ; the temple at Egesta ; and those 
at Pssstum and Silenus. 

For further particulars concerning this order, we would 
direct the attention of the reader to Mr. Aikin's work on 
the subject. The following remarks on the antiquity of 
the Doric, and the early introduction of fluted columns, 
are very curious. Other orders are, in fact, only dis- 
tinguished by their capitals ; but the Doric order bears its 
characteristic marks in every part : the shaft and the en- 
tablature are not less peculiar than the capital ; and this 
circumstance, independently of external evidence, appears 
to me to prove this order not only to be the primitive and 
original architecture, but to have its composition founded 
upon fixed principles, and some acknowledged type. 

It is remarkable that the works of Homer, whose genius 
was so observant, and whose style is so circumstantial, 
should afford so little information as to the state of archi- 
tecture in his time; for, although he sometimes mentions 
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temples of the gods, he never describes them. Indeed| 
all his ideas of architectural beauty seem confined to the 
barbaric magnificcDce of precious materials. Thus, the 
palace of Menelaus and Aleinous are inlaid or incrusted 
with iyorj, brass, and silver ; but scarcely a hint is given 
of their construction. We, however, learn, chiefly from 
the example of the palace of Ulysses, which is made the 
scene of so many transactions that some description of its 
form necessarily occurs, that, at this early period, the 
great halls of houses had columns placed internally : these 
columns were rather for use than ornament, and were fixed 
to support the roof 3 for they are mentioned in connection 
with the beams and rafters. One circumstance, however, 
seems to show that even these early and domestic exam- 
ples were fluted, which is a considerable mark of the 
genuine Doric order when compared with the architecture 
of other countries. This occurs in the first book of the 
Odyssey, where Telemachus, receiving as <i guest Minerva, 
in the form of Mentes, places her spear within a spear- 
holder in the column, i^hich was, in all probability, a 
channel or flute. 

It will not be expected that, in a little volume like this, 
which the author is now presenting to the student, any 
allusion should be made to the method of drawing the 
orders ; and it is the less necessary, because Mr. Nichol- 
son's excellent work on the Five Orders is, or ought to 
be, in the hands of every person who studies the art of 
building. But it may be useful to the student if we give 
him, in a tabular form, the details of one or two of the 
best specimens in every order. 
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i . C Cornice 

c8 £ -s Frieze. 


TEMPLB OF THBSBUS 
At ATHENS. 


TEMPLE OF KnrERYA 
AT ATHENS. 


Height of the Members. 


Height of the Members. 
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10 
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... 

••• 


« "^ I Architrave.... 
A 9 f Capital 


« § Shaft 


Height of the column 



The Crrecian Ionic Order. 

The Ionic order differs in so many respects from the 
Doric that its invention is one of the most noble produc- 
tions of a fertile imagination^ and the proportions so true 
and elegant that it is scarcely possible* to imagine by 
what process of thought so beautiful a form should be 
suggested. It is stated by historians that it was invented 
by Hermogenes of Alabanda^ and employed by him in the 
erection of a temple to Bacchus. The inventor being a 
native of Caria, then possessed by the lonians^ the order 
was called the Ionic. 

The volutes of the capital may be considered the dis- 
tinguishing feature of this order ; but^ in almost all other 
respects, it differs frem the Doric in its proportions, forms^ 
and in the adoption of a base. The most celebrated ex- 
amples of this order are the temples of Ilissus, Erectheus, 
and Minerva Polias, at Athens ; the temple of Bacchus, 
at Teos ; the temple of Apollo Didymasus, at Miletus ; the 
aqueduct of Hadrian, at Athens ; and the temple of Mi- 
nerva Polias, at Priene. 

The Ionic has always been a favourite order among the 
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wbich DO other ttyle can rxwtl. It hiB alio aaotber pe«a- 
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Bat, ftltbough we spe^ Ibna highly of the lonie, we can- 
not btU blame the ezclonra nae of it. In England, nearij 
all the pablie bnildings have Ionic pwticaes. In slmost 
every Meet of the metropolis, we may Gnd an imitation of 
an Iodic temple. This ezclnnTe attention to a partienW 
style mnst have a tendency to cnmp the imagination of 
the architect, and m^e him a mere copyist. It is tme 
that we may find no forms so elegant as those transmitted 
to ns by the ancients ; and it is quite certain that, if the 
Greeks had mftde no greater ezertioiiB than ourselves, we 
should not have had them. As well might the poetcease 
to write becsose he cannot qirpass Homer, as the archi- 
tect to design because he cannot invent a more perfeet 
form than the Ionic. 
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The Corinthian Order. 

The Q-reelcB haTQ the honour of introdnctng the Co- 
rinthian OB veil as the other orders of architeotnre to 
which we have abeady alluded. Titmviiu aocoonta for 
the ori^ of the Corinthian by the following tale, which 
is usually supposed to be a fable : — 

"A jonng ladj at Corinth fell ill &nd died. After 
her burial, her nnrEa ooUeoted together sundry omamenta 
with which she used to be pleased; and, putting them 
into a basket, placed it near her tomb ; and, lest they 
should be injured by the weather, she covered the basket 
with a tile. It happened that the basket was placed on 
the root of an acanthus, which, in sprin^ng, shot forth 
its leavcH ; ^eae running up the side of the basket, natu- 
rally formed a kind of volute, in the tnm given to the 
leaves by the tile. Happily, Callimachns, a moat inge- 
nious sculptor, passing that way, was struck with the 
beauty, elegance, and novelty of the basket anrronnded 
by the acanthos leaves; and, according to this idea or 
example, be afterward made columns for the Corinthtaoa, 
orduniog the propordons such as constitute the Corinth- 
ian order." 

It has been maintained by some writers that the Co- 
rinthian capital is but an elegant modification of the 
Egyptian, and that the Greeks invented it from the study 
of Egyptian art. The celebrated M. Qoatremere do 
Quincy has expressed his belief in this supposition. It 
is arguod by these writers that Greece was at first but an 

jyptian colony, for Athena was founded by Ceorops, an 
It is also well known that all the early Gre- 
___v___ __5 ^ repaired to Egypt for the 
■ and^irta of that ancient 
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country. There is^ in fact, a great resemblance between 
the general elements of the Egyptian and Corinthian 
capital, though the one is heavy and destitute of propor- 
tion, the other light and elegant. 

The Corinthians were always celebrated as the patrons 
of art. They were essentially a commercial people, and, 
consequently, became wealthy. But, having enriched 
themselves, they indulged in all the luxuries that could 
be obtained; and embellished their city with temples, 
theatres, and palaces; and engaged the most celebrated 
artists of the period to design and execute them. Corinth 
was, therefore, not only the most opulent city in Greece, 
a character given to it by Thucydides, but also the most 
elegant. 

Unfortunately, the hand of time, and a desolating war 
have destroyed every specimen of Corinthian architecture 
m the noble city whose name it bears ; and, indeed, but 
few specimens remain in any part of Greece. 



THE OORINTHIAN ABCUITEOTUAE. 



289 









i-> o» 0» l-» « o ? 



• • • • I • 

• • • • .J . I ^«v 






5 

OB 



o 
2 o 

IH ► 

•^ M 
OB O 



H 
H 

OB 



o 



H 

H 



M C7« fed 



Ml-»l-«? 



1^ »^ l-A l-A l-^Stt 

o oi C7« M o OB r 



• • • • * t^ 

• • • ^i^ • • ^*s 






3 



S; 



m ^ 

"a 

OB 



I-' * 3 



M M MS* 

•Y>i9-i9 ii^ i_t 00 r 



• • • • •_ 

• • • ' *> --« ■ • ^*v 






<» 

B 
5 

a 



> q 

n 9 



« H 



• O 



240 THE buildeb's oompanion. 

The great 8uperiori|;j of the Greeks in the noble art 
of architecture did not arise from any one cause, but 
resulted from a variety of circumstances, none of which 
couli alone have raised this people to so high an approxi- 
mation to perfection. It must, however, be mainly at- 
tributed tp the warm and energetic imagination of the 
Greeks, aided by external circumstances; such as the 
freedom which they enjoyed, and the exuberant beauty 
of the country they called their own. In many other 
countries, both law and religion restrained the energies of 
the people, and especially prevented the progress of the 
arts j but, in Greece, they both lent their aid, and, how- 
ever painful may be the reflection, it cannot be doubted 
that the wonderful advance of the art of architecture in 
this country must be, in part, traced to the splendid 
colouring with which the mythological notions of the 
people were decorated, and the influence it had upon the 
public mind. 

It is impossible to discover the precise era in which 
the arts were introduced into Greece ; and, if we could 
do so, we should find, judging from the ordinary progress 
of the arts, that at that period they were as destitute of 
those befiuties which afterward distiDguished their pro- 
gress as other ancient nations. This opinion is greatly 
strengthened by the circumstance that, in the age which 
produced the works known as the writings of Homer, 
and they must have been written at a period nearly co- 
temporaneous with the return of the Heraclidae, no de- 
termined principles or proportions had been introduced 
into the Grecian architecture j for the poet does not dwell 
upon the grace and elegance of the structures, but upon 
the splendour and value of the materials with which they 
were constructed. 
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It had been very confidently stated by some writers 
that the art of architecture was brought into Greece by 
CadmuS; who lived about fifteen hundred years before the 
Christian era, and founded the city of Thebes, so called 
after the Egyptian city of the same name. But, how- 
ever this may be, we have the evidence of Tacitus that 
its ruins were extensive and very magnificent. 

But little advance in architecture appears to have been 
made, for a long period, in any of the Grecian kingdoms; 
for it was, probably, in the colonies of Asia Minor that 
the Doric and Ionic orders were invented. The Corinth- 
ian was not produced until many years after, when the 
arts had advanced almost to perfection. This, the richest 
of all the orders, was invented in Greece properly so 
railed. 

"First, nnadorn'd/ 
The nobly plain, the manly Doric rose ; 
Th' Ionic then, with decent matron grace 
Her airy pillar heaved ; luxuriant^ last. 
The rich Corinthian spread her wanton wreath. 
The whole so measured true, so lessened off 
^ By fine proportion, that the nuurble pile, 
Form'd to repel the still or stormy waste 
Of rolling ages, light as fabrics looked 
That from the magic wand aerial rise. 
These were the wonders that illnmin'd Greece 
From end to end." 

The different styles of Grecian architecture warrant, 
according to the opinion of some writers, the division 
of the history of the art into five periods ; and although 
we may not perfectly agree with these authors in opinion, 
it will not be disadvantageous to the reader if we take a 
general review of the data upon which they found their 

21 
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theory, before we advance to a consideration of the state 
of the art among the Romans. 

The first is the Homeric period, which includes the 
works of Trophonius, who built the Temple of Delphos, 
Agamedes, and Daedalus. During this era, architecture 
was not regulated by any fixed or defined proportions; 
but it was probably in a 'state of incipient prosperity; 
advancing toward that perfection which afterward dis- 
tinguished it. Homer, speaking of the palace of Priam, 
says that it had fifty apartments at its entrance, inhabited 
by the princes and their wives ; and that they were sur- 
rounded with porticoes. We have other evidence to 
prove that columns were employed at this early period, 
but the character of the architecture cannot be ascer- 
tained. 

The second period is that from Rhoecus of Samos, who 
lived about seven hundred years before Christ, to the time 
of Pericles ; and during this, Gtesiphon, Callimachus, and 
other celebrated architects flourished. 

The third period commenced with Pericles and closed 
with Alexander the Great. This was the most b;*illiant 
era of Greece, that in which Hippodamus of Miletus, 
Phidias, Calicrates, and other celebrated artists flourished. 
During this period, architecture was at its highest eleva- 
tion ; the orders had received the last touches of the mas- 
ter minds of Greece ; and the nation itself retired from 
the field of glorious victory to breathe the atmosphere of 
peace, and to enjoy the productions of genius both in 
poetry and the arts. 

The fourth period commenced with the death of Alex- 
ander the Great, and continued till the time of Augustus. 
DinorateSj Sostrates^ and Taurus are the most celebrated 
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architects of this period. Yitruyius is supposed to have 
flourished in the time of Augustus. 

The fifth era continued from the reign of Augustus till 
Constantinople was made the seat of government^ and 
then Grecian architecture fell. 

Raman Architecture, 

For all that was excellent in the architecture of the 
Romans^ this people were indebted to the Greeks ; and 
if we could give this great nation a negative praise with- 
out qualification^ we should be happy to do so, but^ un- 
fortunatelj; there is much truth in a statement that has 
often been made — ^they deteriorated all that they at- 
tempted to improve. The Grecian orders were adopted 
in Rome, but were so altered as to lose all the dignity 
and grace by which they had been characterized. The 
Roman architecture is remarkable for the redundancy of 
ornament, its massiveness and splendour, and its extent ; 
but never for its grace or elegance. The Roman archi- 
tects were never excelled by any other nation in the 
scientific arrangements adopted in construction, or the 
skill in providing for the comfort which ought always to 
be studied in designing a building. In the description 
which it is necessary to give of the style of the Romans, 
we shall first of all give a table of the proportions adopted 
in the most celebrated of the Roman buildings, and then 
describe the orders which were peculiarly their own, add- 
ing a few general remarks. 
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Boman Doric Order. 

The following is a table of the height of the Members 
of the principal Specimens of Boman Doric : — 
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These three tables will enable the student to compare 
the proportions adopted in Borne with those invented by 
the Greeks^ and he may find it useful to compare the 
general character of the buildings by the examination of 
well-authenticated drawings, or, if possible, details, bear- 
ing the several dimensions in his memory. But we may 
now pass on to make a few remarks upon the two orders 
which were invented by the Bomans, the Composite and 
the Tuscan. 

The Roman Ihiscan Order. 

The Tuscan style of architecture has been almost uni- 
versally considered as a separate order, but is, in fact, 
only a variation of the Doric, with some alterations in 
the proportions. All that we know of this singular 
modification of the Doric is derived from Yitruvius, 
who has given the proportions. The diameter of these 
columns, he says, taken at the bottom, should nbe a 
seventh part of their height, and their height should be 
a third of the breadth of the temple. Their diminution 
at the top should be a fourth of the diameter of the bot- 
tom. The base should be half a diameter in height, and 
composed of a circular socle or plinth, having a height 
equal to half the base, and a torus, which, with its fillet, 
should be of the same height as the plinth. 

This order is seldom employed in the present day, and 
was not probably extensively used even by the Bomans. 
The finest specimen in this country, and perhaps in the 
world, is the church of St. Paul's, Govent Gkirden, de- 
signed and executed by Inigo Jones. It has been said, 
with truth, by a modern writer, that this order, with its 
great projection of the crown members, over the long 
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oantalivers^ may be applied 'with the greatest propriety 
to market-places. 

The Roman Compodte Order. 

If we meant by an order of arohitectore a particularly 
formed capital^ then that which is called the Composite 
order would be properly designated. Bat as it is equally 
unwise to form such an idea of the meaning of an order 
as it would be to suppose the variations in the counte- 
nance of men to distinguish them in species, so it was 
highly improper to give so much importance to a pecu- 
liar alteration in the Corinthian capital as to defflgnate it 
an order. The term, however, may now be continued, 
and can do no harm, provided that the student under- 
stand the limited sense in which it is used. 

The Composite column differs from the Corinthian no 
more than the various specimens of Corinthian do among 
themselves. The Composite capital seems to be a union 
of the* capitals of the Corinthian and Ionic. The Com- 
posite order appears to have been first used in the tri- 
umphal arches which the Eomans were accustomed to 
erect to commemorate great victories. There are many 
fine remains of this style, but the most celebrated is the 
arch of Titus, erected in honour of that prince to com- 
memorate his conquest of Jerusalem. 

From these remarks it will be evident that there are 
in fact but three orders of architecture : the Doric, which 
has the general character of strength ; the Ionic, which 
is the representation of elegance and grace; and the Co- 
rinthian, which has the quality of richness. The Bomans, 
as we have already seen, possessed these as well as the 
Greeks; yet the character of the architecture of these two 
nations was as different as can be imagined. The imagi- 
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nation of the Greek, though viyid, was chastened, and 
distinguished by elegance and propriety. The mind of 
the Eoman was more pleased with show and yastness of 
design than by grace, and was besides proud, stem, and 
unbending. If history were silent, we might suppose 
this from a knowledge of the architecture, which is orna- 
mented, massive, and usually the specimens are of great 
extent. 

Having presented the reader with tables showing the 
height of the members in all the orders of architecture, 
as employed both by Greeks and Eomans, we shall now 
add three other tables, which will give the projection of 
these members, in all the examples referred to, taking 
the axis of the column as the line from which the mea- 
fiuremsnts are made. 
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we consider the state of literature at the time in which 
Wren lived, we are not much surprised to find him 
stating that Gothic is a gross concameration of heavj) 
melancholy, and monkish piles. But that any person 
professing an acquaintance with architecture, and offer- 
ing to instruct others, should hold the same opinions, is, 
we confess, a phenomenon for which we cannot account. 
Can any man who has eyes capable of conveying an im- 
pression, and a soul fit to enjoy the sensations of beauty 
and sublimity, visit the sacred piles of York, Lincoln, or 
Salisbury, and not feel that art has the mastery of him ? 
If they convey an impression of gloom, it is to the dull, 
sordid soul never formed to enjoy the pleasures which 
poetry and art afford. We are sorry to find a modem 
author, whose writings we esteem, indulging his preju- ' 
dices so far as to deny the value of this grand, impres- 
sive, and pure style of architecture. '^ The Gothic mode 
of construction," he says, << originated in a corrupted 
taste, and an ignorance of the original rules and senti- 
ments ; it is a sort of monster engendered by a chaos of 
ideas in the night of barbarity; a heterogeneous mixture 
of confused resemblances, obliterated traditions, and dis- 
parates of models. Far from being able to trace in it 
the first steps of a new and rising taste, it exhibits the 
impotency of one that is aged, lingering in darkness on 
the effaced traces of a model which has disappeared.'' 
If Gothic architecture, in its worst period, violated to 
one-hundredth degree the principles of taste as this 
author does the rules of good sense and good writing in 
the passage we have quoted, we would never again say 
one word in its praise. Such senseless bombast was 
never surely uttered by the lips or recorded by the pen 
of man, and it seems almost unnecessary that we should 
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say one word upon opinions so evidently fonned by pre- 
judice, and stated in the spirit of a partisan. Who can 
tell what the writer neans by original rules and senti- 
ments ? And who in his sober senses can imagine a mon- 
ster engendering chaos of ideas in a night of barbarity ? 
Or one that is aged/lingering in darkness on the effaced 
traces of a model which has disappeared f If the reader 
will only judge of the objections made to Gothic archi- 
tecture by the style and nonsense in which the author 
whom we have quoted here' indulges^ he will form as high 
an opinion of it as we have done. 

The elements of Gothic architecture are spires, pinna- 
cles, and pointed arches ; and the cone or pyramid seems 
to be the geometrical figure upon which it is formed. 
In England, it has been followed with more success than 
in any other country, and we may anticipate that York 
Minster, Westminster Abbey, the Chapel of Henry the 
Seventh, the Abbey Church of St. Albans, and many 
other fine structures, will be visited for ages to come as 
the best models for the architectural talent of Europe. 

Since the time of Charles the Second, many fine build- 
ings have been erected in the British Isles, and we may 
especially mention, among these, Greenwich Hospital, de- 
signed by Inigo Jones. A description of any of the Brit- 
ish works, whether in the English or classical style, 
cannot, however, be attempted in this work ; but if the 
sketch we have given should excite the interest and en- 
thusiasm of any reader, and induce him to investi^te for 
himself, it will have accomplished the object for which it 
was written. 
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Ahacva. — The upper member of the capital of a 
that on which the architrave resta. It has different forms 
in the several orders ;^In the Tuscan or Doric, it ia a, 
square tablet j in the Ionic, ita edges a 
Corinthian, ita sides are concave, and frequently enriched 
with carving. 

Abutment. — That part of a pier firom which tlie arch 
springs. ^ 

AcanOim. — A plant whose leaves are carveJ 
1!!orinthian and Composite capital. They a. 
disposed, according to circumstances; « 
the laurel and parsley are sometime 
place. 

jlcro(eriitm.— A pedestal on the an 
ment, intended as a base for aculpti 

Altitude. — The perpendicular hei 
direction of the plumb line. Tb' 
meosored on the body itself, and 
altitude varies according to its inci 
perpendicular. 

Alto Relievo. — A sculpture, tl 
jcct from the surface on which they a 

AmphipTosti/loi. — An order of GrcoiA 
eolumns in the back as well as the froi 

AmphiOmairc. — A double theatre, 
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anoients for public smnaemenls. The Colossenm at Romo, 
built by Yeeipa^an, is one of tbese. 

Annukt. — A amall square moalding, tued to separate 
others; the fillet which separates the fladngs of a oolnmn 
is sometimes known by this term. 

AnUe. — I^iasters attached to a wall, receiving an en- 
tablature, and having bases and capitals differing accord- 
ing to the order employed, but always unlike those of the 
colnmns. 

Antepaffmenta. — A term in andent aroMt«otnre, the 
arohitraTes round doors. 

Apophf/ge. — That part of a column which connects the 
upper fillet of the base and the under one of the capital 
with the cylindrical part of the shaft. 

ATcetah/lot. — That style of building in which the 
columns are distant from one another from foor to five 
diameters. Strictly speaking, the term should be limited 
to an iDtercolnmoiatiou of four diameters, which is only 
suited to the Tuscan order. 

Arch. — Such an arrangeroeut, in a concave form, of 
building materials, as enables them, supported by piers Of 
abutments, to carry weights and resist strains. 

Arcli-huUrest. — Sometimes called a fiying buttress; an 
^ wch Hpriuging from a bntlress or pier against a wall. 

— That part of the entablature which rests 

I the capital of a column, and is beneath the frieie. 

d to represent the principal beam of a timber 




I term is applied to superficies, whether of 

r other material, and is the superficial 

t is, the length multiplied into the 

t area sometimes signifies an'opea 
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Arris, — ^The line in which two surfaces meet each 
other. 

Ashler, — Common freestone as it comes from the 
quarry, generally ahout nine inches thick, hut of different 
superficial dimensions. 

Ashtering, — Quartering, to which laths are nailed. 

Astragal. — A small moulding with a semicircular pro^ 
file, sometimes plain and sometimes ornamented. 

Attic Order, — ^A term used to denote the low pilasters 
which are placed over orders of columns or pilasters, and 
frequently employed in the decoration of an attic. 

B. 

Baluster, — ^A smaU pillar or pilaster supporting a rail. 

Balustrade, — A series of halusters connected by a rail. 

Band, — ^A square member. To distinguish the situa- 
tion in which it is placed, or the order in which it is usedi 
an adjective is frequently prefixed: thus a dentil or a 
modillion band. 

Base, — The lower division of a column. The Grecian 
Doric has no base, and the Tuscan has only a single torus 
or a plinth, 

Bead.— A circular moulding, which lies level with the 
surface of the material in which it is formed. When the 
moulding projects, or several are joined, it is called reed- 
ing. 

BeaJc, — ^A small fillet in the under edge of a project- 
ing cornice, intended to prevent the rain from 
between the cornice and fascia. 

Beam, — A piece of timber in a building 
tally, and intended to support a weight, or 
strain. 
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■ Beam-filling, — The masonry^ or brickwork^ between 
beams or joists. 

Bearer, — ^A vertical support. • 

Bearing. — ^The length between bearers, or walls : thu8| 
if a beam rests on walls twenty feet apart^ the bearing is 
said to be twenty feet. 

Bed Mouldingz, — ^Those mouldings between the corona 
and the frieze. 

BemL — An instrument used by workmen for taking 
angles. In form it resembles a square, but the blade is 
moTable* about a centre. • When the two sides of any 
solid body have such an inclination to each other as to 
form an angle greater or less than a right angle^ the body 
is said to be beviled. 

Band, — ^A term used to signify the connection between 
the parts of a piece of workmanship. In bricklayiug and 
masonry, it is that connection between bricks, or pieces 
of stone, which prevents one part of the building from 
separating itself from another. 

Band Timber, — Timber laid in walls to tie or bind 
them together. 

Brace, — A piece of timber placed in an inclined posi- 
tion, and used in partitions or roofs, to strengthen the 
framing. When a brace is employed to support a rafter, 
it is called a strut. 

Bressumm^er. — A beam, or iron tie, intended to carry 
an external wall, and itself supported by piers or posts. 

Bricknoggin, — ^Brickwork between quartering. 

Buttress. — ^A mass of stone or brickwork intended to 
•Qf^rt a wall, or to assist it in sustaining the strain that 
Jm upon it. Buttresses in Gothic architecture are 
MBDt as well as strength. 
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0. 

CaMing. — Cjlindriral pieoM fiUing np the lower part 
of the flutes of a oolnmn. 

Camier. — To ^ve a convexity to the upper rar&oe of 

Canlalivert. — ISeceB of wood or atone beneath the 
eayea to support them, or mouldings above them. 

Capital. — That part of a oolnmn or pilaster beneath 
the entablature; or, in other words, the uppermost mem- 
ber of a column or pilaster. The capital ia Tariously 
formed, according to the order : Thna, we have the Tus- 
can, Doric, Ionic, Corinthian, and Composite capitals, and 
many others, that have been invented since the times ofi 
the Greeks and Romans. 

Caryatidet. — Figures of women, introduced to support 
an ealablaturs, instead of columns. 

Oaument. — Applied to a window which is bung upon 
hinges in place of lines and neighte. 

Caxting. — The warping or shrinking of timber or 
woodwork, occasioned by an insufEoient strength, or by 
an unequal exposure to the weather, and want of proper 
seasoning. 

Cavetto. — A ooncavemoulding, the quadrant of a circle. 

CatUring. — The framing upon which an arch is turned. 

Clamping. — When one piece of wood is so fixed into 
the end of another as to prevent it from splittii 
ing, it is said to be clamped. The pieces i 
with a mortice and tenon, or with a groove \ 

CollaT Beam. — A beam framed between | 
rafters. 

CqmoU. — ^An ornament out on 
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arch, sometimes in the form of a scroll^ at other times, to 
represent a human face. 

Content, — The amount of any substance in rods, yards, 
feet, or inches, whether solid or superficial. 

Coping, — ^The stone which covers the top of a wall or 
parapet. 

Corhd, — ^A bracket, or piece of timber projecting from 
a wall : in Gothic architecture, usually carved with some 
grotesque figure. 

Cornice, — The combination of mouldings which finishes 
or crowns an entablature. The term is also applied to 
the mouldings which finish the walls and ceiling of a 
room, hall, or passage, filling up the angle which they 
make. 

Crovm,^K term applied to the uppermost or. highest 
part of an arch, that in which the key-stone is fixed. 

Cyma, — ^A moulding with a waved or crooked profile, 
partly convex, partly concave. It is called by workmen 
an ogee. When the hollow part of the moulding is up- 
permost, it is called a cyma-recta ; when the convex part 
is above, a cyma-reversa. 

D. 

Dado, — ^That flat part of the base of a column between 
the plinth and the cornice. It is of a cubical form, and 
from thence takes its name. 

Dennis, — Square blocks introduced as ornaments into 
of the Doric, Ionic, and Corinthian orders. A 
jAnmlar piece is sometimes cut out, and at other 
,«f9 fluted. 
% onbo. 

Id case in which a door opens and 
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diatSi oonsisting of two uprights and one horizontal pieee^ 
connected together by mortices and tenons. 

Dormer, — ^A window made in the sloping part of a 
roof, or above the entablature. 

Dovetailed, — ^When two pieces of wood are festened 
together, by letting the pieces of one into apertures formed 
in the other, of a shape somewhat resembling a &n or 
dovetail, they are said to be dovetailed. 

Drops, — Ornaments in the Doric entablature resem- 
bling bells placed immediately under the triglyphs. 

Dwarf WaU, — ^A wall that has a less height than that 
.)f the story in which it is used. 



E. 

Eaves, — The edge of a roof or slating which overhangs 
a wall, and is designed to carry off the water, without 
flowing down the wall. 

Echinus. — ^A moulding, the profile of which is the 
quadrant of a circle turned outward, or in some instances 
a conic section. It is said to resemble the shell of the 
chestnut. 

Ellipse. — That curve called by workmen an oval. 

Entablature. — That assemblage of mouldinge^ &c.| 
which are supported by the column. It consists of three 
parts, the architrave, frieze, and cornice. 

Entasis, — The swelling of a column. 

Eustylos, — That intercolumniation in which the co- 
lumns are placed two diameters and a quarter from each 
other. 

Eye, — ^A term sometimes used in architecture to de- 
note a small window in a pediment. The middle of the 
Ionic volute, that is, the circle within which the different 
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centres for drawing it are foond^ is known by the same 
name. 



Fagade. — The face or front of a building; strictly speak- 
ing, the principal front. 

Fdscia. — ^A flat broad member^ in architecture, but of 
small projection. It is used to denote the flat members 
into which the architrave is divided; and these are called 
fascise. 

FeatJieredged. — ^Boards or plank thicker at one edge 
than the other. 

FUleL — A small square moulding, of slight projection. 
In carpentry, it means a piece of wood to which boards 
are nailed. 

Flashings. — ^Pieces of lead so let into the wall as to 
lap over a gutter. 

Flatting, — Painting, which has no gloss on its surface, 
being worked with turpentine. It is used for finishing. 

Flutes. — ^Vertical channels cut in the shafta of columns 
and pilasters, sometimes meeting one another at a sharp 
edge, and at other times having a fillet between them. 

Flyers. — Stairs which rise without winding. 

Fltte. — The aperture of a chimney. 

Footings. — ^The courses of brick or stone at the founda- 
tion of a wall. 

Frieze. — ^The flat member in an entablature, separating 
the architrave from the cornice. 

Furring.^-K means of restoring an irregular framing 
by the addition of small pieces of wood nailed to the 
framing itself. 

Fust, — The shaft of a column. 
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G. 

GaUe, — ^The npright triangular end of a building at 
the ends of a roof. 

€Hrd£r. — The largest piece of timber in a floor^ that 
into which the joists are framed. 

Grain, — ^The intersection of two arches. 

Groove, — ^A rectangular channel cut in stone or tim- 
ber, such as that which is cut in the stiles to receive the 
panel of a door. 

Grounds, — ^Those pieces of wood imbedded in the plas- 
tering of walls to which skirting and other joiner's 
finishings are attached. 

GnttcB, — See " Drops." 

Gutter. — A valley between the parts of a roof, or 
between the roof and parapet, intended to carry off the 
rain. 

H. 

Half-round, — A moulding in a semicircular form, 
projecting from the surface. 

Headers. — ^Bricks laid with their short face in front. 

Hips. — Those pieces of timber placed in an inclined 
position at the corners or angles of a roof. 

L 

Impost. — ^The combination of mouldings which form 
the capital of a pier. 

Insulated.— A term applied to a column which is un- 
conDected with a wall, or to a building that stands 
detached from others. 
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Iktercoltimniation. — The Bpftoe between two columns. 

^UerHe. — Small pieoee of timber placed borizontAlly 
between, aad framed into, veiHoal pieoes to tie tliem 
together. 

J. 

Jambt. — The wde pieces of an opening in a wall, snoh 
as doof-posts, and the nprighta at the aide of window 
frames. 

JoggU^nece. — A poet to receive strnts. 

JquU.' — Those pieces of timber which are frnmed into 
% ^brder, bressummer, or otherwise, to sapport a ceiling or 



Key-ttone. — That stone in the top ot crown of an arch 
which IE in a perpendicular line with the centre. 

King-post. — The centre post of a tmssed framing, in- 
tended to support the tie beam and stmts. 

Knee. — A piece of timber bent to receive some weight, 
or to relieve a strain. 



L. 

^ Latitem. — A frame in the dome or cnpola of a bnild- 
ing to give light. The term is applied to some kinds of 
fanlights, that is, the frame over a door to light a passage 

^Mj corridor. 

^H|Ui*w^. — ^Ihat jraner's work which covers an interior 

laea of timber which lie horizontall; 
tvs and doors. 
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M. 

Mantel, — ^The cross-piece T{|hich rests on the jamb of a 
chimney. 

Metopa. — ^The interval between the triglyphs in the 
Doric order. 

Minute, — The sixtieth part of the diameter of a 
column. 

Modtllwn. — An ornament in the Ionic, Corinthian, and 
Composite orders. It is a sort of bracket, and should be 
placed under the corona. 

Module. — ^The semi-diameter of a column, and is di- 
vided into thirty minutes. It is the measure by which 
the architect determines the proportions between the 
parts of an order. 

Mortise. — A method of joining two pieces of wood ; a 
hole being made in one of such a size as to receive the 
tenon or projecting piece formed on the other. 

Mosaic, — A term applied to pavements, and other work, 
when formed of various materials of different shapes and 
colours, laid in a kind of stucco, so as to present some 
pattern or device. The ancients were very successful in 
the execution of Mosaic, and many fine specimens remain 
to this day. 

Mullion, — ^Upright posts or bars which divide the 
lights in a Gothic window. 



N. 

Naked, — This term is applied, in architecture, to a 
plain surface, or that which is unfinished ; as the naked 
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vills, the naked flooring — that is, ancovered. The won! 
ia HOmetimes applied to flat sorfaoes before the mooldinga 
and other ornaments have been fixed. 

Nev>d. — The centre round vhioh the stairs wind in & 
oiroular staircase. 

Noting^. — The rounded and projecting edges of the 
treads of stairs. 



0. 

Ohdisk. — A slender pyramid. 

Ogee. — ^A moulding, consisting of a portion of two 
circles tnmed in contrary directions, so that it ia partly 
concave and partly convex, and somewhat resembles the 
letter S. ' 

Order. — An assemblage of parts having certain pro- 
portions to one another. There are five orders of archi- 
tecture, Tuscan, Boric, Ionic, Corinthian, and Composite, 
all of which were invented by the ancients, and are now 
employed by the modems. 

Oval. — A curve line, the two diametera of which are 
of unequal length, and is allied in form to the ellipse. 
An ellipse is that figure which is produced by cutting a 
cone or cylinder in a direction oblique to its axis, and 
passing through its sides. An oval may be formed by 
joining different segments of circles, so that their meeting 
shall not be perceived, but form a continuous onrve line. 
All ellipses are ovals, but all ovals are not ellipse ; for 
uie term oval may be applied to all egg-shaped figures, 
those which are broader at one end than the other, as 
well as those whose ends are equally curved. 

Ovelo. — A convex projecting moulding whose profile 
"^ ~ e quadrant of a circle. 
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p. 

Pand. — A oompartment inclosed in a frame^ into wliich 
it is framed or grooved. 

Parajpet. — ^A low wall generally about breast higb^ on 
the top of bridges or buildings. 

Pargetting, — Rough plastering^ commonly adopted for 
the interior surface of chimneys. 

Pedestal, — ^That arrangement on whicAt columns are 
sometimes placed : it is divided into three parts^ the cor- 
nice^ the die^ and the base. 

Pediment. — ^A low triangular crowning ornament in 
the front of a buildings and over doors and windows. 
Pediments are sometimes made in the form of a segment 
of a circle. 

Pier. — ^A square, or other formed masS; used to 
strengthen or support a building ; it sometimes signifies 
that mass of stone or brickwork between the arches of a 
bridge; and from which they spring, or against which they 
abut. But the term is usually employed to designate the 
solid part between the doors or windows of a building. 

Pilaster. — ^A square pillar insulated; or engaged to the 
wall; and is usually enriched with a capital and base. 

Piles. — ^Large timbers; usually shod with pointed iron 
capS; driven into the ground for the purpose of making a 
secure foundati«n. 

Pillar. — An irregular; insulated column. It differs 
from a column in having no architectural proportion, 
being either too massive or too slender. 

Pinnacle. — ^A small spire used to ornament Gothio 
buildings. 

Pitch of a Roof. — The proportion obtained by dividing 
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the span by the height : thus we speak of its being one- 
half, one-third, one-fourth. 

Plinth. — ^The solid support of a column or pedestal. 

Plumh-line, — ^An instrument to determine perpendicu- 
lars ; it consists of a piece of lead attached to a string. 

Porch. — ^The vestibule or entrance to a building. 

Portico. — A kind of gallery or piazza^ frequently 
erected in front of large buildings. 

Posts. — Square timbers set on end; the term is especially 
applied to those which support the comers of a building^ 
and are then framed into the bressummer or cross-beam^ 
under the walls. 

Pricking up. — The first coat of plaster worked upon 
laths. 

Profile. — The outline; the contour of a part, or the 
parts compassing an order. 

Pugging. — The stuff laid upon sound boarding to pre- 
vent the passage of sound from one story to another. 

Puncheons. — Short pieces of timber employed to sup- 
port a weight when the bearing is too distant. 

Purlines.—Th.o^e pieces of timber which lie across the 
rafters to prevent them from sinking. 

Putlogs. — ^Pieces of timber used in building a scaffold; 
they are those which lie at right angles to the line of wall, 
and rest on the scaffold poles or ledgers. 

Piframid. — ^A solid massive edifice which rises from a 
square or rectangular base, and terminates in a point 
called the vertex. 

Q. 

Quarter Round. — See "Ovolo." 
Quarters. — ^Pieces of timbers used in an upright position 
for partitions. Quarters may be either single or double : 

28* 
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the single are generally two inches thiok^ and four inche0 
broad ; the double are four inches square. The quarters 
are never placed at a greater distance than fourteen inches 
from each other. 

Quirk. — ^A piece of ground taken out of a plot. The 
term is also applied to a particular form of moulding^ one 
which has a sudden convexity. 

Quoins. — ^The comers of a building : they are called 
rustic quoins when they project from the wall and have 
their edges chamfered off. 



Eahhet, or Rebate. — A groove or channel in the edge of 
a board. 

Rafters. — ^Those timbers which form the inclined sides 
of a roof. 

Raking. — Mbans literally inclining^ and is applied to 
those mouldings which, instead of maintaining the hori- 
zontal linci are suddenly bent out of their course. 

Rails. — ^Those pieces in framing which lie in a hori- 
zontal position are called rails ; those which are perpen- 
dicular are called stiles : hence two rails and two stiles 
inclose a panel. The term is also applied to those pieces 
in fences or paling which go from post to post. 

Rdief. — ^The projection which a figure has from the 
ground on which it is carved. 

Return. — ^That part of any work which falls away from 
the line in front. 

Ridge. — ^The highest part of a roof, or the timber 
against which the rafters pitch. 

^ t Riser. — ^That board in stairs set on edge under the 
tread or step of the stair 
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Rustic, — ^This term is applied to those courses of stone- 
work; the face of which is jagged or pecked so as to pre- 
sent a rough surface. That work is also called rustic in 
which horizontal and vertical channels are cut in the join- 
ings of the stones^ so that^ when placed together^ an 
angular channel is formed at each joint. 



S. 

Sash. — ^The framework which holds the squares of 
glass in a window. 

Sash^Jrame, — ^The frame which receives the, sash. 

Scanding, — ^The measure to which a material is to be 
or has been cut. 

Scotia. — A semicircular concave moulding, chiefly 
used between the tori in the base of a column. 

Scribing, — Fitting woodwork to an irregular surface. 

Scroll. — A carved curvilinear ornament^ somewhat 
resembling in profile the turnings of a ram's horn. 

SiU. — The horizontal piece of timber at the bottom of 
framing ; the term is chiefly applied to those pieces of 
timber or stone at the bottom of doors or windows^ 

Shaft. — ^The body of a column; that part between 
the base and capital. 

Shore. — A piece of timber placed in an oblique direc- 
tion to support a building or wall. 

Shirting. — The narrow boards placed round an apart- 
ment against the walls, and standing vertically on the 
floor. 

Sleepers. — Pieces of timber placed on the ground to 
support the ground-joists, or other woodwork. 
, Sojffit. — ^A term applied to a frame or panelling over- 
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head, or to a lining, such as that which is fixed in the 
underside of the tops of windows. 

Stiles. — ^The upright pieces in framing or panelling. 

Struts. — Pieces of timber which support the rafters. 

Summer, — ^A large piece of timber supported by piers 
or posts : when it supports a wall^ it is called a breast- 
summer, or bressummer. 



T. 

Tenon. — A piece of wood so formed as to be received 
into a hole in another piece called a mortice. 

Throat. — That hollow which terminates the upper end 
of the shaft of a column. 

Tongue. — ^That projecting piece at the end of a board 
which is formed to be inserted into a groove. 

Torus. — ^A moulding that has a convex semicircular 
or semi*elliptical profile. 

Transom. — A piece that is framed across a double 
window-light. 

Trellis. — An open framing, pieces crossing each other 
so as to form diamond or lozenge-shaped openings. 

Triglyphs. — Ornaments in the Doric frieze consisting 
of a square projection with two angular channels, the 
edges of each forming half a channel. They are placed 
immediately over the centre of a column : their width is 
generally one module. 

Trimmers. — Pieces of timber framed at right angles 
to the joist for chimneys, and the well-holes of stairs. 

Tympanum. — The space inclosed by the inclined and 
horizontal sides of a pediment. 
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V. 

YdUey. — ^The space between two inclined sides of a 
roof. ^ 

Vaults. — Undergroand buildings with arched ceilings^ 
whether circalar or elliptical. 

Vertex. — ^The top or summit of a pointed bodj^ as of 
a cone. 

Volute. — The scroll in the capital of the Ionic order. 

Voussoirs. — The stones which compose the face of an 
arch; haying a somewhat wedge-shaped form. 

W. 

Wall-plates. — The timbers built up with a wall^ to 
carry the joists. 

Weather-hoarding. — ^Weather-edge boards^ fixed verti- 
callj; so as to lap over one another. 

Well-hole. — The aperture left in floors to bring up the 
itairs. 



THE END. 
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American Miller and Millwright's Assistant : 

A new and thoroughly revised Edition, with additional En- 
gravings. By William Carter Hughes.- In one Volume, 
12mo $1.50 

Armengaud, Amoroux, and Johnson. 

THE PRACTICAL DRAUGHTSMAN'S BOOK OP 
INDUSTRIAL DESIGN, and Machinist's and Engineer's 
'Drawing Companion ; forming a complete course of Mechan- 
ical Engineering and Architectural Drawing. From the 
French of M. Ajrmengaud the elder. Prof, of Design in the 
Conservatoire of Arts and Industry, Paris, and MM. Ar- 
mengaud the younger, and Amoroux, Civil Engineers. Re- 
written and arranged with additional matter and plates, 
selections from and examples of the most useful and gener- 
ally employed mechanism of the day. By William Johnson, 
Assoc. Inst. C. E., Editor of "The Practical Mechanic's 
Journal." Illustrated by fifty folio steel plates and fifty 
wood-cuts. A new edition, 4to $10.00 

Among the contents are: — Linear Drawing^ D^niiiona and Pro&femf, 
Plate I. Applications, Designs for inlaid Pavements, Ceilings, and Balco- 
Qles, Plate II. Sweeps, Sections, and Mouldings, Plate III, £lcmcntary 
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Volutes, Plate V. Rules and Practical Data. &udy of Projei-tiontf Ele 
in*»ntary Principles, Plate VI. Of Prisms and other Solids, Plate VII 
Rules aui Practical Data. On Coloring Sections^ vrith Applica*ibti9 — Conven 
tionnl Colors, Composition or Mixture of Colors, Plate X. LimtintuUion oj 
the Study of Frojections—Vae of sections — details of machinery, Plate Xi 
Sim))le applications — spindles, shafts, couplings, wooden patterns, Plate XII 
Method of constructing a wooden model or pattern of a coupling, Elemeji 
tary applications — rails and chairs for railways, Plate XIII. Rtdea am 
Practical Data — Strength of material. Resistance to compression or erus^ 
ing force, Tensional Resistance, Resiitanoe to flexure^ Resistance to torsioD 
Friction of surfaces in contact: 

The Intersbction and Development op Surfaces with Applica- 
TroNS.— 7A4? Intersection of Cylindertand Conet, Plate XIV. T%e Delineatiati 
•n / Df-^lopment of Hriicet. Screwt, and Serpentinet^ Plate XV. Applicatio» 
of the helix— the construction of a staircase, Plate XVI. The Intersectioi 
of surfaces— applications to stopcocks, Plate XVII. Rtdea and Practicat 
Data — Steam. Unity of heat, Heating surface. Calculation of the dimensioni 
of boilers, DimenMions of Are grates. Chimneys, Safety valves. 

The Study and Construction of Toothed Gear. — Involute, cycloid, 
and epicycloid, Plates XVIII. and XIX. Involute, Fig. 1, Plate XVIII. 
Cycloid, Fig. 2, Plate XVIII. External epicycloid, described by a circle 
rolling about a fixed circle inside it, Fig. 3, Plate XIX. Internal epicycloid, 
Fi(^. 2, Plate XIX. Delineation of a rack and pinion in gear, Fig. 4, Plate 
XVIII. Gearing of a worm with a worm-wheel. Figs. 6 and 6. Plate XVIII. 
Cylindrical or Spur Gearing^ Plate XIX. Practical delineation of a couple of 
Spur-wheels. Plate XX. The Delineation and Construction of Wooden Pattern* 
for Toothed Wheels^ Plate XXI. Rules and Practical Da/a— Toothed gearing, 
Angular and circumferential velocity of wheels. Dimensions of gearing, 
Thickness of the teeth. Pitch of the teeth, Dimension^ of the web, Number 
and dimensions of the arms, wooden patterns. 

Continuation of the Study of Toothed Gear. — Design for a pair 
of bevel-wheels in gear, Plate XXII. Construction of wooden patterns for 
a pair of bevel-wheels, Plate XXIII. Involute and Helical Teeth. Plate XXIV. 
Contrivances for obtaining Differential Movements — The delineation of eccen- 
trics and cams, Plate XXV. Rules and Pra4:tical Data — Mechanical work of 
eif'oct. The simple machines. Centre of gravity, On estimating the power of 
prime movers, Calculation for the brake. The fall of bodies. Momentum, 
Central forces. 

Elementary Principles of Shadows. — Shadows of Prisms, Pyramid$ 
arid Cylinders, Plate XXVI. Principles of Shading, Plate XXVII. Continua- 
tion of the Study of Shadows, Plate XXVIII. Tuscan Order, Plate XXIX. 
Rules and Practical Data — Pumps, Hydrostatic principles, Forcing pumps. 
Lifting and forcing pumps, The Hydrostatic press, Hydrostatioal calcula- 
tions and data — discharge of water through difTerent oriflces, Gauging of a 
water-course of uniform section and fall, Velocity of the bottom of water- 
courses, Calculations of the discharge of water through rectangular orifices 
of narrow edges, Calculation of the discharge of water through overshot 
outlets, To determine the width of an overshot outlet. To determine tlie 
depth of the outlet, Outlet with a spout or duct. 

Application of Shadows to Toothed Gear. Plate XXX. Application 
of Sha/iows to Screws, Plate XXXI. Application of Shadows to a Boiler and itM 
furnace, Plate XXXII. Shading in Black — Shading in Colors, Plate XXXIII. 

The Cutting and Shaping of Masonry, Plate XXXIV. Rules and Prao- 
tical Data — Hydraulic motors. Undershot water-wheels, with plane floats 
and a circular channel, Width. Diameter, Velocity, Number, and capacity of 
the buckets. Useful effVct of the water-wheel, Overshot water-wheels, Water- 
wheels with radical floats. Water-wheel with curved buckets, Turbines. 
Remarks on Machine Tools, 

The Study of Machinery and Sketching.— Various applications and 
comt>inations : The Sketching of Machinei-y, Plates XXXV. and XXXVI, 
Drilling Machines; Motive Machines; Water-wheels, Construction and set- 
ling up of water-wheels. Delineation of water-wheels. Design of a water- 
wheel. Sketch of a water-wheel ; Overshot Water-wheels, Water Pumps, Plate 
XXXVII. Steam Motors; High-pressure expansive steam-engine. Plates 
XXXVIII., XXXIX., and XL. Details of Construction; Movements of th€ 
Distribution and Exjmnsion Valves ; Rules and Pra> tical Do/a— KtcHni-engines: 
Low-pressure coudeusiug engines without cxpaubion valve, Diameter 
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of pleton. Velocities, Steam pipes and passages, Air-pump and Condenser, 
Cold-water and feed-pumps, High-pressure expansive engines, Medium pres- 
sure condensing and expansive steam-engine, Conical pendulum or centrJk* 
fugal governor. 

Oblique Projections. — Application of rules to the delineation of an 
oscillating cylinder. Plate XLI. 

Parallel. Perspective. — Principles and applications, Plate XLII. 

True Perspective. — Elementary principles, Plate XLIII. Applioationt 
—flour mill driven by belts. Plates XLIV. and- XLV. Description of the 
mill, Representation of the mill in perspective, Notes of recent improve- 
ments in flour mills, Schiele's mill, Muliin^s ^* ring millstone," Barnett's 
millstone, Hastie's arrangement for driving mills, Currie's improvements in 
millstones. Ruiea and Practical Data — Work performed by various ma- 
chines, Flour mills, Saw-mills, Veneer sawing machines, Circular saws. 

Examples of Finished Drawings of Machinery. — Plate A, Balance 
walker-meter; Plate B, Engineer's shaping machine; Plates C, D, E, Express 
locomotive engine ; Plate F, Wood planing machine ; Plate G. Washing 
machine for piece goods ; Plate H, power-loom ; Plate I, Duplex steam 
boiler ; Plate J, Direct-acting marine engines. 
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Arrowsmith. Paper-Hanger's Companion : 

By James Arrowsmith. 12mo., cloth $1.25 

Baird. The American Cotton Spinner, and 
Manager's and Carder's Guide : 

A Practical Treatise on Cotton Spinning; giving the Di- 
mensions and Speed of Machinery, Draught and Twist Oalcup 
lations, etc. ; with notices of recent Improvements : together 
with Rules and Examples for making changes in the sizes 
and numbers of Roving and Yarn. Compiled from the pa- 
pers of the late Robert H. Baird. 12mo $1.50 

Contents.— Introduction ; On the Plan of a Factory Building ; On the 
Main Gearing ; On Water-wheels ; Calculations of Horse- Power for Pro- 

{>elling Cotton Spinning Machinery ; Willie or Picking Machine ; On Wil- 
ey ing Cotton ; Spreading Machine : On Spreading Cotton ; Carding ; Cards 
and Carding ; Covering Emery Rollers and Emeries ; The Drawing-frame ; 
Roving ; General Remarks on Drawing and Roving ; Throstles ; Remarks 
on Throstles ; Mule Spinning ; General Observations on Mule Spinning ; 
Weaving ; Belting ; Miscellaneous matters. 

Beans. A Treatise on Railroad Curves and 
the Location of Railroads: 

By B. W. Beans, C. E. 12mo. (In press.) 

Bishop. A History of American Manufiio- 
tures: 

From 1608 to 1866 : exhibiting the Origin and Growth of 
the Principal Mechanic Arts and Manufactures, from the 
Earliest Colonial Period to the Present Time ; with a Notice 
of the Important Inventions, Tariffs, and the Results of each 
Decennial Census. By J. Leander Bishop, M. D. ; to which 
is added Notes on the Principal Manufacturirg Centres and 
Bemarkable Manufactories. By Edward Young and Edwin 

T. Freedley. In three vols., Bvo $8.00 
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Blinn. A Practical Workshop Companion 
for Tin, Sheet-Iron, and Copper-Plate Work- 
ers: 

Containing Rules for describing varioas kinds of Patterns used 
by Tin, Sheet-Iron, and Copper-Plate Workers ; Practical Ge- 
oinetry; Mensuration of Surfaces and Solids; Tables of the 
Weights of Metals, Lead Pipe, etc. ; Tables of Areas and Cir- 
cnmterences of Circles ; Japan, Varnishes. Lackers, Cement a» 
Compositions, etc., etc. By Leroy J. Blinn, Master Me» 
chanic. With over One Hmidred Illustrations. 12mo. $2.5(1 

Contents.— Jtu{e« for Describing Pattern*.— -An Enyelope for a Cone, A 
Frustrum of a Cone, A Can top or Deck flange ; A Pattern for, or an Enve- 
lope for a Frustrum of a Cone, A Tapering Oval Article to be in four Sec- 
tions, A Tapering Oval Article to be in two Sections, A Tapeiing Oval Ar- 
ticle, A Tapering Oval and Oblong Article, the sides to be Straight, with 
Quarter Circle corners, to be in two Sections, A Tapering Oval or Oblong 
Article, the sides to be Straight, one end to be a Semicircle, the other end 
to be Straight, with Quarter Circle corners, to be in two Sections, A Tapering 
Oval or Oblong Article, the sides to be Straight, with Semicircle ends, to be 
In two Sections, Covering of Circular Roofs, Two different Principles, To 
cover a Dome by the first Method, To cover a Dome by the second Method, 
To ascertain the Outline of a Course of covering to a Dome, without refer- 
ence to a Section of the DOme, To describe a Pattern for a Tapering Square 
Article, A Square Tapering Article to be in two Sections, A Tapering Arti- 
cle, the Base to be Square, and the Top a Circle, in two Sections, A Tapering 
Article, the Base to be a Rectangle, and the Top Square, in two Sections, A 
Tapering Article, the Base to be a Rectangle, and the Top a Circle, in two 
Sections, A Tapering Article, the Top and Base to be a Rectangle, in two 
Sections, Tapering Octagon Top or Cover, A Miter Joint at Right Angles for 
a Semicircle Gutter, A Miter Joint at any Angle for a Semicircle Gutter. 
A Miier Joint for an O G Gutter at Right Angles, A Miter Joint for an O G 
Cornice at Right Angles, also an Offset, Ao Octagon O G Lamp Top or 
Cover, A T Pipe at Right Angles, A T Pipe at any Angle, A T Pipe, the 
Collar to be smaller ttian the Main Pipe, A T Pipe at any Angle, the Collar 
to set on one side of the Main Pipe, A Pipe to fit a flat Surface at any Angle, 
as the Side of a Roof of a Building. A Pipe to fit two flat Surfaces, as the 
Roof of a Building, An Elbow at Right Angles, An Elbow Pattern at any 
Angle, An Elbow in three Sections, An Elbow In four Sections, An Elbow in 
five Sections, A Tapering Elbow, An Oval Boiler Cover, A Flange tor a Pipe 
that goes on the Roof of a Building, Octagon or Square Top or Cover, 
Steamer Cover, An Ellipse or Oval, having two Diam«;ters given. An Ellipse 
with the Rule and Compasses, the Transverse and Conjugate Diameters 
being given, that is, the Length and Width, To find the Centre and the two 
Arcs of an Ellipse, To find the Radius and Versed Sine for a given Frustrum 
of a Cone, Practical Geometry, Decimal Equivalents to Fractional Parts 
of Lineal Measurement, Definitions of Arithmetical Signs, Mensuration of 
Surfaces, Mensuration of Solids and Capacities of Bodies, Tables of Weights 
of Iron, Copper, and Lead, Tables of the Circumferences and Areas of Cir- 
cles, Sizes and capacity of Tinware in form of Frustrum of a Cone, such as 
Pans, Dish Kettles, Pails, Coffee-pots, Wash Bowls, Dippers, Measures, 
Druggists' and Liquor Dealers* Measures, American Lap Welded Iron 
Boiler Flues, Table of EflTects upon Bodies by Heat, Weight of Water. 
£ffects produced by Water in an Aeriform State, Practical Properties of 
Water, EfiTeots produced by Water in its Natural State, Effects of Heat at 
certain Temperatures, Tempering, Effects produced by Air in its Natural 
and in a Rarefied State, Table of the Expansion of Atmospheric Aii by 
Heat, Size, Length. Breadth, and Weight of Tin Plates, Crystallized Tin 
Plate, List of Caliore and Weights of Lead Pipe, Calibre and Weights of 
Fountain or Aqueduct Pipes, To ascertain the Weights of Pipes of various 
Metals, and any Diameter required. Weight of a Square Foot of Sheet Iron, 
^pper, and Barass, as per Birmingham Wire Gauge, Recapitulation of 
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Weights of Various Substances. Practical Beceipf*.— Japanning and Var 
nishing. Varnishes — Miscellaneous, Lackers, Cements, Miscellaneous Re- 
eeipts, Britannia, Solders, etc., Strength of Materials. 

Booth and Morfit The Encyclopedia of 
Chemistry, Practical and Theoretical : 

Embracing its application to the Arts, Metallurgy, Mineral- 
ogy, Geology, Medicine, and Pharmacy. By James C. Booth, 
Melter and Refiner in the United States Mint, Professor of 
Applied Chemistry in the Franklin Institute, etc., assisted 
by Campbell Morfit, author of •' Chemical Manipulations;" etc. 
7 th edition. Complete in one volume, royal 8vo. 978 pages, 
with numerous wood-cuts and other illustrations $5.00 

Brewer; (The Complete Practical.) 

Or Plain, Concise, and Accurate Instructions in the Art of 
Brewing Beer, Ale, Porter, etc., etc.. and the Process of 
making all the Small Beers. By M. Lafayette Byrn, M. D. 
With Illustrations. 12mo $1.25 

Buckmaster. The Elements of Mechanical 
Physics. 

By J. C. Buckmaster, late Student in the Goverment School 

of Mines ; Certified Teacher of Science by the Department 

of Science and Art ; Examiner in Chemistry and Physics 

I in the Royal College of Preceptors; and late Lecturer in 

Chemistry and Physics of the Royal Polytechnic Institute. 

Illustrated with numerous engravings. In one volume, 

12mo $2.00 

Contents.— 7^ Elements of Mechanical Pftyaic»— Chap. I.— Statics and Dy- 
namios ; Force ; Gravitation and Weight : On Matter — its Mass, Density, 
and Volume. II. — Centre of Gravity ; Stable and Unstable Equilibrium ; 
To find the Centre of Gravity of a Material Straight Line of Uniform Den- 
sity ; To find the Centre of Gravity of two heavy Points joined by a rigid 
bar without Weight; To find the Centre of Gravity of a number of heavy 

Ejints ; To find the Centre of Gravity of a Material Plain Triangle. Ill — 
evers ; Levers are of three kinds ; Virtual Velocity ; Balances ; The Safety 
Valve ; Mechanical Combinations and their Advantages. IV.— The Whew 
and Axle ; The Compound Wheel and Axle. V.— The Pulley ; Wheels and 
Pinions ; Cranks and Fly-Wheel. VI.— The Inclined Plane ; The Wedge ; 
The Screw. VII. — Composition and Resolution of Forces. VIIL— Falling 
Bodies ; Ascent of Bodies ; Projection of Bodies Horizontally. IX.— Mo* 
mentum. X. — Sound ; The Pendulum. 

Elements of Hydrostatics. ^Chap. I.— Hydrostatics ; Bramah Hydrostatia 
Press. II.— Specific Gravity ; Table of Specific Gravities. III.— Elastic Fluids ; 
The Air Pump and its Operation ; The Construction of the Condenser and its 
Operation ; The Barometer; The Action of the Siphon ; How to Graduate 
a common Thermometer ; To Reduce the Degrees of a Thermometer in Fah- 
renheit's scale to a centigrade and the converse ; The Construction of a 
Siphon gauge ; The Construction of a common Pump and its Operation ; 
The Construction and Operation of a Force Pump ; The Operation of a Fl^e 
Engine ; The Operation of a Lifting Pump ; The Hydraulic Ram ; The 
Archi median Screw ; The Chain Pump ; Mercurial Steam Gauge ; Examina* 
tlon Papers. 

Appendix.— Examples ; Answers to Examples. 
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Bullock. The Rudiments of Architecture 
and Building : 

For the use of Architects, Builders, Draughtsmen, Ma- 
chinists, Engineers and Mechanics. Edited by John Bul- 
lock, author of "The American Cottage Builder." Illus- 
trated by Two Hundred and Fifty Engravings. In one vol- 
ume, 8vo $3.50 

Burgh. The Slide Valve Practically Consid- 
ered. 

By N. P. Burgh, Engineer. Completely Illus.: 12mo.. .$2.00 

Burgh. Practical Rules for the Proportion of 
Modem Engines and BoUers for Land and 
Marine Purposes. 

By N. P. Burgh, Engineer. 12mo $2.00 

Contents. — High Pressure Engines; Beam Engines (condensing); 
Marine Screw Engines; Oscillating Engines; Valves, etc.; Land and 
Marine Boilers. Miscellaneous. — Coal Bunkers. Marine ; Decimals, etc. ; 
Eccentric, Position of, for Land Engines ; Eccentric, Position of. for Marine 
Screw Engines ; Fire Bars ; Keys and Cotters ; Link for Land Engine, Ra- 
dius of; Levers ; Link for Oscillating Engine, Radius of; Link for Marine 
Screw Engine, Radius of; Proportion of Connecting Rods having Strap 
Ends ; Paddle Wheels, Centres of Radius Rods ; Plummer Blocks ; Proper • 
tions of Steam Cocks with Plugs secured by Nuts and Screws ; Proportion 
of Marine Cocks ; Proportions of Bolts, Nuts, etc. ; Proportions ot Pins, 
Studs, Flanges, etc. ; Proportions of Copper Pipes ; Proportions of Engines ; 
Sliding Quadrant ; Toothed Wheels (Gearing). Proportions of Engines Pro* 
duced by the Rules: Proportions of an Engine 20 HP nominal ; Proportions of 
.a Condensing Beam Engine 150 HP nominal ; Proportions of a Pair of Marine 
Engines of 200 HP Collectively ; Proportions of a Pair of Oscillating Engines 
of 400 HP Collectively ; Proportions of Boilers. 

Byrne. Pocket Book for BaUroad and Civil 
Engineers. 

Containing New, Exact, and Concise Methods for Laying 
out Railroad Curves, Switches, Frog Angles and Crossings ; 
the Staking out of Work ; Leveling ; the Calculation of Cut- 
tings, Embankments, Earth-work, etc. By Oliver Byrne. 
Illustrated, 18mo §1.25 

Byrne. The Practical Metal- Worker's As- 
sistant. 

Comprising Metallurgic Chemistry ; the Arts of Working all 
Metals and Alloys; Forging of Iron and Steel; Hardening 
and Tempering ; Melting and Mixing ; Casting and Found- 
ing ; Works in Sheet Metal ; the Process dependent on the 
Ductility of the Metals ; Soldering ; and the most Improved 
Processes and Tools employed by Metal-Workers. With 
the Application of the Art of Eleciro-Metallurgy to Manu- 
facturing Processes : *.ollected from Original Sources, and 
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from the Works of HoltzapfTel, Bergeron, Leupold, Plumier, 

Napier, and others. By Oliver Byrne. A New, Revised, 

and Improved Edition, with additions by John Scofferu, 

M. B., William Clay, William Fairbairn, P. E. S., and James 

Napier. With Five Hundred and Ninety-two Engravings, 

illustrating every Branch of the Subject. In one volume, 

8vo. 652 pages $7.00 

Contents.-— On Metallargic Chemistry ; Special Metallurgio Operations ; 
Recently Patented Refining Processes ; Refining and Working of Iron ; 
Manufacture of Steel ; Forging Iron and Steel ; On Wrought- Iron in Large 
Masses ; General Examples of Welding, Hardening and Tempering; Hard* 
ening Cast and Wrought-Iron ; On the Application of Iron to Ship-Build- 
ing ; The Metals and Alloys most commonly used ; Remarks on the Char* 
acter of the Metals and Alloys ; Melting and Mixing the Metals j Casting 
and Founding; Works in Sheet Metal made by Joining: Works in Sheet 
Metal made by raising and flattening of thin Plates of Metal ; Processes de- 

?endent on Ductility ; Soldering ; Shears ; Punches ; Drills ; Screw-cutting 
ools : Electro-Metallurgy. 

Byrne. The Handbook for the Artisan, B[e« . 
chanic, and Engineer. 

By Oliver Byrne. Illustrated by 11 large plates and 185 

wood engravings. 8vo $5.00 

Contents. — Grinding Cutting Tools on the Ordinary Grindstone ; Sharp- 
ening Cutting Tools on the Oilstone; Setting Razors : Sharpening Cutting 
Tools with Artificial Grinders ; Production of Plane Surfaces by Abrasion : 
Production of Cylindrical Surfaces by Abrasion : Production of Conical 
Surfaces by Abrasion $ Production of Spherical Surfaces by Abrasion ; Glass 
Cutting ; Lapidary Work ; Setting, Cutting, and Polishing Flat and Rounded 
Works ; Cutting Faucets ; Lapidary Apparatus for Amateurs $ Gem and 
Glass Engraving ; Seal and Gem Engraving ; Cameo Cutting ; Glass Engrav- 
ing, Varnishing, and Lackering; General Remarks upon Abrasive Pro- 
cesses ; Dictionary of Apparatus ; Materials and Processes for Grinding 
and Polishing, commonly employed in the Mechanical and Useful Arts. 

Byrne. The Practical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, 

Naval Architect, Miner, and Millwright. By Oliver Byrne. 

1 vol. 8vo., nearly 600 pages -. $4.50 

The principal objects of this work are : to establish model calculations to 
j^ide practical men and students ; to illustrate every practical rule and 
principle by numerical calculations, systematically arranged ; to give infor- 
mation and data indispensable to those for whom it is intended, thus sur- 
passing in value any other book of its character ; to economize the labo' of 
the practical man, and to render his every-day calculations easy and com- 
prehensive. It will be found to be one of the most complete and valuable 
practical books ever published. 

Cabinet-maker's and Upholsterer's Compan- 
ion. 

Comprising the Rudiments and Principles of Cabinet-making 
and Upholstery, with Familiar Instructions, illustrated by 
Examples for attaining a proficiency in the Art of Drawing, 
as applicable to Cabinet-work; the processes of Veneering, 
Inlaying, and Buhl-work ; the Art of Dyeing and Staining 
Wood. Bone, Tortoise Shell, etc. Directions for Lackermg 
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Japanning, and Varnishing ; to make French Polish ; to pre- 
pare the best Glues, Cements and Compositions, and a num- 
ber of Receipts particularly useful for workmen generally. 
By J. Stokes. In one vol., I'imo. With Illustrations. ..$1.25 

Chemical Analysis. Tables for Qualitative 
Chemical Analysis. 

By Professor Heinrich Will, of Gflessen, Germany. Trans- 
lated by Charles F. Himes, Ph. D., Professor of Natural 
Science, Dickinson College, Carlisle, Pa. Seventh edition. 
8vo, half bound $1.25 

Designed as a vade inecum for the student on entering the laboratory. Endorsed 
bj the most eminent Chemists of this country, England, and, Germany. 

Carey. The Works of Henry C. Carey : 

CONTRACTION OR EXPANSION? REPUDIATION 
OR RESUMPTION? Letters to Hon. Hugh McCulloch. 
8vo 38 

FINANCIAL CRISES, their Causes and Effects. 8vo. 
paper T. .25 

FRENCH AND AMERICAN TARIFFS : Compared in a 
Series of Letters addressed to Mons. M. Chevalier. 8vo. 
paper 50 

HARMONY OF INTERESTS: Agricultural, Manufacturing, 

and Commercial. Bvo., paper $1.00 

Do. do. cloth 1.50 

LETTERS TO THE PRESIDENT OF THE UNITED 
STATES. Paper 75 

MANUAL OF SOCIAL SCIENCE. Condensed from Ca 
rey's "Principles of Social Science." By Kate McKean. 
1 vol.,12mo ; $2.25 

The Text-Book of the UniversitieB of Berlin (Prussia), Pennsylvaniat 
and Michigan, and of the College of New Jersey, Princeton. 

MISCELLANEOUS WORKS : comprising " Harmony of In^ 
terests," "Money," "Letters to tnfe President," "French 
and American Tariffs," " Financial Crises," " The Way to 
Outdo England without Fighting Her," " Resources of the 
Union," "The Public Debt," " Contraction or Expansion y' 
etc., etc. 1 vol. Bvo., cloth $3.60 

MONEY : A LECTURE before the N, Y. Geographical and 
Statistical Society. Bvo., paper 25 

PAST, PRESENT, AND FUTURE Bvo $2.50 

PRINCIPLES OF SOCIAL SCIENCE. 3 volumes. Bvo., 

cloth $1 0.00 

Contents.— Volume I : Of Science and its Methods ^ Of Man, the Subjeot 
of Social Science *, Of Increase in thA Numbers of Mankind ; Of the Occu- 
pation of the Earth } Of Value ; Of Wealth ; Of the Formation of Society ; 
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Of Appropriation ; Of Changes of Matter in Place ; Of Mechanical and 
Chemical Changes in the Forms of Matter. Volume II : Of Vital Change! 
In the Form of Matter ; Of the Instrument of Association. Volume III : Of 
Production and Consumption; Of Accumulation : Of Circulation; Of Dis- 
tribution ; Of Concentration and Centralization ; Of Competition ; Of Popu- 
Htlon; Of Food and Population; Of Colonization; Of the Malthusian 
Theory ; Of Commerce ; Of the Societary Organization ; Of Social Science. 

THE PUBLIC DEBT, LOCAL AND NATIONAL. How 
to provide for its discharge while lessening the burden of 
Taxation. Letter to David A. Wells, Esq., XJ. S. Revenue 
Commission. 8vo., paper 25 

THE RESOURCES OF THE UNION. A Lecture read, 
Dec. 1865, before the American Geographical and Statistical 
Society, N. Y., and before the American Association for the 
Advancement of Social Science, Boston 25 

THE SLAVE-TRADE, DOMESTIC AND FOREIGN: 
Why it Exists, and How it may be Extinguished. 12mo. 
cloth $1.50 

THE WAY TO OUTDO ENGLAND WITHOUT FIGHT- 
ING HER. LETTERS TO THE HON. SCHUYLER 
COLFAX, Speaker of the House of Representatives United 
States, on "The Paper Question," "The Farmer's Ques- 
tion," " The Iron Question," " The Railroad Question," and 
the " Currency Question." Bvo., paper 75 

Campin. A Practical Treatise on Mechan- 
ical Engineering: 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, 
Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of Steam-engines, etc., etc. With an Appendix on the 
Analysis of Iron and Iron Ores. By Francis Campin, C. E. 
To which are added, Observations on the Construction of 
Steam Boilers and remarks upon Furnaces used for Smoke 
Prevention ; with a Chapter on Explosions. By R, Arm^ 
strong, C. E., and John Bourne. Rules for Calculating the 
Change Wheels for Screws on a Turning Lathe, and for a 
Wheel-cutting Machine. By J. La Nicca. Management of 
Steel, including Forging, Hardening, Tempering, Annealing, 
Shrinking, and Expansion. And the Case-nardening of Iron. 
By G. Ede. 8vo. Illustrated with 29 plates and 100 wood 
engravings $6.00 

Contents. — Introduction — On Metallui^; On Foi^ng Iron; On Moulding 
•Lad Casting: On Cutting Tools; On Worlcsliop Machinery; On Manipulation; 
On the Pnysical Basis of the Steam-engine ; On the Principles of Mechanical 
Construction; On the General Arrangement of the Steam-engine; On the 
C«neral Principles of Steam Boilers ; Preliminary considerations on the 
Applicability of various kinds of Steam-engines to various purposes; On 
the details of Steam-engines ; On Pumps and Valves ; On Steam Boilers ; 
On Propellers ; On various applications of Steam-power and Apparatui 
•onnected therewith ; On Pumi)ing Engines ; On Rotative Engines ; On 
"Marine Engines; On Locomotive Engines; On Road Locomotives; On 
Steam Fire Engines ; On Boilers generally, and a Radical Reform in thost 
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for Marine purposes suggested ; Smoke Prevention and its fallacies ; Re- 
marks on Smoke-burning, by John Bourne ; Explosions : an investigation 
Into some of the causes producing them, and into the deterioration of Boil- 
ers generally ; Rules for Calculating the Change Wheels for Screws on a 
Turning Lathe, and for a Wheel-cutting Machine; Explanation of the 
Methods of Calculating Screw Threads ; The Management of Steel. 

Appendix. — The Analysis of Iron and Iron Ores. 

Glossas 1 .—Index. 

Capron de Dole. Dussauce. Blues and Car- 
mines of Indigo. 

A Practical Treatise on the Fabrication of every Commer* 
cial Product derived from Indigo. By Felicien Capron de 
D81e. Translated, with important additions, by Professor H. 
Dussauce. 12mo / $2.50 

dough. The Contractor's Manual and Build- 
er's Price-Book : 

Designed to elucidate the method of ascertaining, correctly, 
the Value and Quantity of every description di Work and 
Materials, used in the Art of Building, fron their Prime Cost 
in any part of the United States, collected from extensive 
experience and observation in Building and Designing ; to 
which are added a large variety of Tables, Memoranda, etc., 
indispensable to all engaged or concerned in erecting buildings 
of any kind. By A. B. Clough, Architect, 24mo., cloth. . .76 

Colbum. The Locomotive Engine: 

Including a Description of its Structure, Rules for Estima- 
ting its Capabilities, and Practical Observations on its Con- 
struction and Management. By Zerah Colburn. Illus- 
trated. A new edition. 12mo $1.25 

Daguerreotypist and Photographer's Com- 
panion. 

12mo., cloth $1.25 

Distiller. (The Complete Practical). 

By M.Lafayette Byrn, M.D. With Illust'ns. 12mo....$1.50 

Duncan. Practical Surveyor's Guide. 

By Andrew Duncan. Illustrated. 12mo., cloth $1.25 

Dussauce. Practical Treatise on the Fabri* 
cation of Matches, Gun Cotton, and Fulmi- 
nating Powders. 

By Professor H. Dussauce. 12mo $3.00 




Caiemioal 
\morphoui 
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Wooden Matehes ; Matches inflammable by rubbing, without noise ; Com* 
mon Lucifer Matches: Matches without Phosphorus; Candle Matches; 
Matches with Amorphous Phosphorus ; Matches and Rubbers without 
Phosphorus. Gun Cotton — Properties; Preparation; Paper Powder; use of 
Cotton and Paper Powders for Fulminating Primers, etc. } Preparation ot 
Fulminating Primers, etc., etc. 

Dussauce. A New and Complete Treatise on 
the Arts of Tanning, Currying, and Leather 
Dressing : 

Comprising all the Discoveries and Improvements made m 
France, Great Britain, and the United States. Edited from 
Notes and Documents of Messrs. Sallerou, Urouvelle. Duval, 
Dessables, Labarraque, Payen, Ren6, De Fontenelle, Mala- 
peyre, etc., etc. By Prof. H. Dussauce, Chemist. Illus- 
trated by 212 wood engravings. 8vo $10.00 

Dussauce. Treatise on the Coloring Matters 
Derived from Coal Tar : 

Their Practical Application in Dyeing Cotton, Wool, and 
Silk ; the Principles of the Art of Dyeing and of the Dis- 
tillation of Coal Tar, with a Description of the most Import- 
ant New Dyes now in use. By Professor H. Dussauce, 
Chemist. 12mo $2.50 

Dyer and Color-maker's Companion: 

Containing upwards of two hundred Receipts for making 
Colors, on the most approved principles, for all the various 
styles and fabrics now in existence ; with the Scouring Pro- 
cess, and plain Directions for Preparing, Washing-oflf. and 
Finishing the Goods. In one vol., 12mo $1.25 

Easton. A Practical Treatise on Street or 
Horse-power Railways : 

Their Location, Construction, and Management ; with gen- 
eral Plans and Rules for their Organization and Operation ; 
together with Examinations as to their Comparative Advan- 
tages over the Omnibus System, and Inquiries as to their 
Value for Investment; including Copies of Municipal Ordi- 
nances relating thereto. By Alexander Easton, C. E. Il- 
lustrated by 23 plates. 8vo. cloth $2.00 

Engineer's Handy-Book: 

Containing a Series of Useful Calculations for Engin'^ers, 
Tool-makers, Millwrights, Draughtsmen, Foremen, and Me- 
chanics generally. {In Press.) 

Erni. Coal Oil and Petroleum : 

Their Origin, History, Geology, and Chemistry ; with a view 
of their importance in their bearing on National Industry 
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By Dr. Henri Emi, Chief Chemist, Department of Agricul- 
ture. 12mo $2.50 

Emi. The Theoretical and Practical Chem- 
istry of Fermentation : 

Comprising the Chemistry of Wine, Beer; Distilling of Li- 
quors ; with the practical methods of their Chemical exam- 
ination, preservation, and improvement — such as Gallizing of 
"Wines. With an Appendix, containing well-tested PracticaJ 
Bules and Beceipts for the manufacture, etc.. of all kinds of 
Alcoholic Liquors. By Henri Erni, Chief Chemist, Depart- 
ment of Agriculture. (In Press.) 

Fairbaim. Principles of Mechanism and 
Machinery of Transmission : 

Comprising the Principles of Mechanism, Wheels and Ptd- 
lies. Strength and Proportions of Shafts, Couplings for Shafts, 
and Engaging and Disengaging Gear. By Wm. Fairbairn, 
Esq., C.E., LL.D., F.B.S., F.G.S., Corresponding Member of 
the National Institute of France, and of the Boy al Academy 
of Turin ; Chevalier of the Legion of Honor, etc., etc. Illus- 
trated by over 150 wood cuts $2.50 

Contents.— General Views, Link Work, Wrapping Connectors, 
WheeltWORK : General Views Relating to Machines ; Elementary Forms 



of Mechanism; Link-work; Wrapping Connectors ; Wheel-work producing 
Motion by rolling Contact ; Sliding Pieces producing Motion by sliding 
Contact ; On Wheels and Pullies ; Wrapping Connectors; Toothed Wheels j 
Spur Gearing ; Pitch of Wheels ; Teeth of Wheels ; Bevel Wheels ; Skew 
Bevels ; The Worm and Wheel ; Strength of the Teeth of Wheels : On the 
Strength and Proportions of Shafts ; Material of which Shafting is 
Constructed ; Transverse Strain ; Torsion ; Velocity of Shafts ; On Journals ; 
Friction ; Lubrication ; On Couplings for Shafts and Engaging and 
Disengaging Gear : Couplings ; Disengaging and Re-engaging Gear ; 
Hangers ; Plumber Blocks, etc., for carrying Shafting ; Main Shafts. 

Eairbaim. Useful Information for Engi- 
neers. 

By William Fairbairn. (In Press.) 

Eobell. Emi. Mineralogy Simplified : 

A short method of Determining and Classifying Minerals, by 
means of simple Chemical Experiments in the Wet Way. 
Translated from the last German edition of F. Von Kobefl. 
with additions, by Henri Erni, M. D., Chief Chemist, Depart- 
partment of Agriculture, author of " Coal Oil and Petro- 
leum." In one volume, i2mo $2.50 

Gilbart. A Practical Treatise on Banking. 

By James William Gilbart, F. R. S. A new enlarged and 
improved edition. Edited by J. Smith Homans, editor of 
"Banker's Magazine.'* To which is added "Money," by 
H. Q. Carey. 8vo $3.50 
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Gregory's Mathematies for Practical Men ; 

Adapted to the Pursuits of Surveyors, Architects, Mechan- 
ics, and Civil Engineers. 8vo., plates, cloth $2.50 

Gas and Ventilation. 

A Practical Treatise on Gas and Ventilation. By E. E. Per- 
kiDS. 12mo., cloth $1.25 

Griswold. Railroad Engineer's Pocket Com- 
panion for the Field. 

JJy W. Griswold. 12mo., tucks $1.25 

Hartmann. The Practical Iron Mannfacta- 
rer's Vade-mecum. 

From the German of Dr. Carl Hartmann. Illustrated. (In 
Press.) 

Hay. The Interior Decorator: 

The Laws of Harmonious Coloring adapted to Interior De- 
corations : with a Practical Treatise on House-Painting. By 
D. R. Hay, House-Painter and Decorater. Illustrated by a 
Diagram of the Primary, Secondary, and Tertiary Colors, 
l^mo $2.25 

Inventor's Guide: 

Patent OflSce and Patent Laws; or, a Guide to Inventors, 
and a Book of Reference for Judges, Lawyers, Magistrates, 
and others. By J. G. Moore. 12mo., cloth $1.25 

Jervis.^ Railway Property. 

A Treatise on the Construction and Management of Bail- 
ways; designed to afford useful knowledge, in the popular 
. style, to the holders of this class of property; as well as 
Railway Managers, Officers, and Agents. By John B. Jervis, 
late Chief Engineer of the Hudson River Railroad, Croton 
Aqueduct, etc. One volume, 12mo., cloth $2.00 

Contents. — Preface — Introduction. Construction. — Introductory : Land 
and Land Damages ; Location of Line : Method of Business ; Grading \ 
Bridges and Culverts ; Road Crossings; Ballasting Track; Cross Sleepers j 
Chairs and Spikes ; Rails ; Station Buildings ; Locomotives, Coaches and 
Cars. Oj9era/in^.— Introductory : Freight; Passengers; Engine Driven 
Repairs to Track ; Repairs of Machinery ; Civil En^neer ; Superintendent ; 
Supplies of Material; Receipts; Disbursements; Statistics; Running 
Trains ; Competition ; Financial Management ; General Remarks. 

Johnson. A Report to the Navy Department 
of the United States on American Coals, 

Applicable to Steam Navigation, and to other purposes. 
By Walter R. Johnson. With numerous illustrations. 
607 pp 8vo., half morocco .' $6.00 
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Johnson. The Coal Trade of British America*: 

With Researches on the Characters and Practical Values of 
American and Foreign Coals, By Walter R. Johnson, Civil 
and Mining Engineer and Chemist. Svo ; . . $2.00 

Johnston. InstnXdtions for thle Analysis of 
Soils, Limestones, and Manures. 

By J. F, W. Johnston. 12mo 38 

Kentish. A Treatise on a Box of Instru- 
ments, 

And the Slide Rule ; with the Theory of Trigonometry and 
Logarithms, including Practical Geometry, Surveying, Meas- 
uring of Timber, Cask and Malt Gauging, Heights and Dis- 
tances. By Thomas Kentish. In one volume, 12mo..$1.25 

Leroux. A Practical Treatise on Wools and 
Worsteds : 

By Charles Leroux, Mechanical Engineer, and Superinten- 
dent of s Spinning Mill. Illustrated by 12 large plates and 
34 engravings. In Press. 

Contents.-— Part I. Practical Mechanics, with Formuls and Calculations 
applicable to Spinning. Part II. Spinning of Combed, and Combed and 
Carded Wools on the Mule. Part III. French and Engush Spinnimg. Fart 
IV. Carded Wool. -© *- o 

Larkin. The Practical Brass and Iron Found- 
er's Guide: 

A Concise Treatise on Brass Founding, Moulding, the Metals 
and their Alloys, etc. : to which are added Recent Improve- 
ments in the Manufacture of Iron, Steel by the Bessemer 
Process, etc., etc. By James Larkin, late Conductor of the 
Brass Foundry Department in Reaney, Neafie & Co.'s Penn 
Works, Philadelphia. Fifth edition, revised, with Extensive 
Additions. In one volume, 12mo $2.25 

Lieber. Assayer's Guide; 

Or, Practical Directions to Assayers, Miners, and Smelters. 
By Oscar M. Lieber. 12mo., cloth $1.25 

Love. The Art of Dyeing, Cleaning, Scour- 
ing, and Finishing, 

On the Most Approved English and French Methods : being 
Practical Instructions in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc.; Scouring and Cleaning Bed 
and Window Curtains, Carpets, Rugs, etc. ; French and Eng- 
lish Cleaning, any Color or Fabric of Silk, Satin, or Damask. 
By Thomas Love, a working Dyer and Scourer. In x vol., 
12mo 1 $3.00 
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POBLISHED BY BENRT CAHETT BAIBD. 

Lowlg. Principles of Organic and Pliysiujt*- 
gical Chemistry. 

By Dr. Carl l.iiwig. Translatei! by Diiuiel Breed, M. D, 
8vo., sheep #3.M 

Main and Brown. The Marine Steam-ongine. 

By •nvomris J. Moin, Frofessor of Mathemiities. Royal Niival 
Colleee, iind Thumaa Urown, Chief Engineer, R. N. lilua- 

traied by cugrarings aud wood-cuts. Sro., uloth $.'i.()Q 

l^* Thb tbit book op thb Ukitkd 8tatks Natal Academy, 



; Duties to 
. MiBoeUaii 



tow Chuptcr-ThB Boiler ; Tlia EoelnB ; 

er ui AcoUlent ; Duties to Engtae, ets., < 
am. AppeodlX' 



Main and Brown. Questions on Subjects Con- 
nected with the Marine Steam-engine, 

'Hit hints lor their Solntion. 

;9ur of Mal.heinaticfl, Buy.il 
i Brown, Chief Engineer. B, N, 
«l.yO 



A Qd ExamiBation Piippra | 
By Thoraaa J. Mam. Prof 
Naval CollrgQ, and Thoi 
]2mo., cloth 



Main and Brown. The Indicator and Dyna- j 
mometer, 

"With their Priictical Applications to the Steam-engine 
By Thumas J. Main and Thumas Brown. With illus- 



Makins. A Manual of Metallurgy, 

More parlitularly of the Prceious Metala, including the 
Methods of Assaying them. IlluBtrated by upwarda of hO 
engravings. By George Hogarth Maliina, M,R.0.8.. F. 0. S., 
one of the Aasayers to the Back of England; Assaver lo 
tlie Anglo-Mexican Mints ; and Lecturer upon Metullnrgy 
at the Dental Hospitat, London. In one vol., 12ino... 83.50 

COMTEHTS.— Genemi FronertleBof the Metsli; Genprnl View of the Com- 

aictslils eremeutB; Of MetHllto Salta ; Of Uantltig Appntiktus, PurDncn, 
etc.; OI Foeli ApuUanble to Metallurgia Opercttioni ; MeUlB at the Flrd 
CIub; MetBlB oC tlie Becoad CUiag The FHaaiplei of Eleotiti-MeIal< 



Marble Worker's Manual : 

Uontaiaing Prncticsl Information respecting Marbles in 
general, their Cutting, Working, and Polishing ; Veneering, 
etc-, etc. 12mo., c)*th $L&0 
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PBACTIOAI. AND SCIENTIFIC BOOKS, 

Molesworth. Pocket-book of TTseful Por- 
mulEB and Memoranda for Civil and Me- 
chanical Engineers. 

By Guilford L. Moleaworth, Member of the Inatitntion of 
L'ivil EngineerB, Uhief Jteeident Engineer of Ihe Ciiylon 

Railway. From the Tenth London edition $2.00 

NTS.— Clrff £nfJnttHn0— SurvcvlDS, LevcLllnE, Sottiog Out. P 



I^rthwork, Brickwotit, M«»oory, Archei, eto.; Bennii, Glrden, Brklg^ 
elB : Hbofa, Ploan, CAIudidb, Wntli, etg. ; RxUwnyB, RusdB, Cnsali, Rlf' 
ll«! Ventilation, UkW, Sound,' Kent, eia. ' ■ -' 

Mrdtenital £nffi?inrlfu.— Gmvlty, Mpcbimlcftl Ceatm oad Powen : Mlll< 
work. Teeth of Wheeli. Shuftins. Belling, eto. ; AIIdve, Solders, and Work- 
Bhuu Reclpei ; Sieiun Bollen, ind ateam^dDElim ; Wfitcr-wheele, TurUneih 
etc.;>iDd Wlndmllli ; PiKldle nod Screw Stemners | MlicwlUneoui Hachiaerf. 
"Engllih and Foreign I Lpgmrlthiua of NumbBra J 

..„..,. ^ ., ml Tubleaof Sinaa.elo, ; PropflrtieHofEllipBe. Pa- 

rabolH, Cimle. eto.; M emu rattan of Surfacn and Solids; Tahles n(^ A»u, 



I 



r»,TrlBooo 



Circumferenwi of Circles; Weights and Projiertlei of MafL , 

SiluarcB, CubPB, Powera, Root^ and BPctiprocnls of Numbers; Englaeei> 

lag Addliloiml Engineering Memorsnils ajid Tablet : Tiblaa by Lewbi 
Oiiick, C. E. 

Miles. A Plain Treatise on Horse-slioeing. 

With illustnUions. By William Miles, author of the " Horse's 
Foot" «1.00 

Morfit, A Treatise on Chemistry, 

Applied to the Manufacture of Soap and Candles: beine a 
Thorough Exposition in nil their Minutiie of the Principles 
and Practiiie of the Trade, based upon the most recent Dis- 
coveries iu Science and Art. By Uampbell Morfit, Professor 
of Analytical and Applied Chemistry ih Ihe University 
of Maryland. A new and improved edition. Illustrated 
with 366 engravings oa wood. Complete in 1 volume, large 
evo S20.00 

Mortimer. The Pyrotechnist's Com^panion : 

ByG. W. Mortimer. Illuatraled. 12mo., cloth $1.25 

Napier. Manual of Electro-Metallurgy: 

Including- the Application of the Art to Manufacturing 
Processes. By James Napier. From the second London 
edition, revised and enlarged. Illustrated by engraviuga. 
In one volimio, 12mo £1.50 

Napier. Chemistry Applied to Dyeing. 

By James Napier, F. C. S. Illustrated. 12ino $3.00 
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Nicholson. Bookbinding : A Manual of tbs 
Art of Bookbinding : 

Containing full Instriiclious in the different Brancbrs of 
Forwarding, Gilding, and Finishing. Also, the Art of Mar- 
bling Book-edgeH and Paper. £y Jamea B. Nicholson. II- 

lustrnted. 12mo.. cloth 22.23 

CoNTEnTii.— Sketch of (be ProereBB of BooliblndlDe, Slieet-work, Fonvnr^ 
Initlhe EdeoB, MBrtillnf, GiWing the Edgei, Coverltis, H«ir Binding, Blank 
BlndinK, Buarding, Cloth-work, OraaniEoUI Art, rinlBhlng, Tnate «.a<\ Ue- 
Bii^ii. styles, GimTng, [llunilniilHl BinUlng, BJlnil Tooling, Anlliiii«. Uolor- 

asmentB, H^rdiony of Colo ni,'pni Hag Down,'etD. ; Stamp' or ^jB-wnrlt. 

^forris. A Hand-book for Locomotive En- 
gineers and Machinists. 

By Seplinms Norris, C. E. New edition, illustrated, 12mo., 
cloth $2.00 

Nystrom. On Technological Education and 
the Construction of Ships and Screw Pro- 
pellers for Naval and Marine Engineers, 

By .Tuha W. Nyatrom, late Acting Chief Engineer U. S. N. 
Second edition, revised with uddllional mutter. Illustrated 
by 7 engravings. 12mo $2.50 

■wnlDDi Tflohnologioal los'tltutlonB wauteJ ; The National Academy ol 
Scleocea; Ot^eot of TecbnalogiilBl lUBtituIions ; Stesm-engiuceriDE nnd 
Ship-buildiue; NcccBBitF or oomiiletD DrswingB before tiie buiidigg dI 
SteametB tB lommeDoed i Amerios hsB taken Ihe lead in ttaenewNHisl 
TactlDB i The Naval ADademf, at Annapotia, not prnpEr for ■ School nf 
Btflgm-eoglneerlnB i Want ot npplted Science Id our WorkahopB i Lotrnmo- 
tli'e Eo^lDeerlug; CommuBlostlon to the Secretary of the Navy on the 
BoiencH of ahlp-huQdiag! Ship-build era consider their Art a Craft ( Shlp- 
hullden' Jealousri Staip^ulldlDg dSTelDpcd to (he condition of a Sdeuuei 
Memortaaum; Chief finginoerfBherwood docanat approve the ParabiFlla 
Conatructionof Shipa; On the Parsboilo ConBtmction of Shlu8 1 Applioa- 
tluaof the ParabolioConitnictloaof Shipai Reooniing FBrnmUs ( Reoor*. 
IngTHhlBBi Thelnboraf salculatlng the ship-hulldlns Tables; Mr. W. L. 
HinBcom, Naval Conitructor, on the P^nbolic Hithodi Mr. J. Va'ighui 

Dies In a confused condition i niuBirations required In Drnamlce; Mi. 
iBhorwood deollnsB having the Bubjiol of Dynaraloa cieareil up i The sub- 
loot of DynamioB submitted to the Nfttlonal Academy ol Sutenoeai On th« 
elementa of Dynacaios ; foret, paiKT, and wrrk. ileHneil i Kepk, ■ Irinlty ol 
Physloal Eiemecta; DlscusBlon with Nnvni Engluwra on the sulifect ol 

vis-viva ;'Dnlt for Power; Unit for Woik; Navy Departmeu sttcioj)UiI( 



PHACTrCAL AWn BOIEHTIPIC BOOKB, 



Proteaux. Practical Guide for the Manufac- 
ture of Paper and Boards. 

By A. Prot/raux, Civil Engineer, Graduate of the School at 
Arts and Manulactures, and Director of Thiers' Paper-mill, 
I Piiy-de-D3me. With ailditions, by L. S. Le Noi'mnod. 
Tnuialated from the French with Notea, by Horatio Paine, 
A. B., H. D. To which is added a Chapter on the Manufac- 
tare of Paper from Wood hi the United States, by Henry 
T. Brown, of the " American ArtJBan." Uhistcated by six 

g'ates, containing Drawings of Baw Materials, Machinery, 
laus of Paper-milla, etc., etc. Svo gS.OO 

Contents.— Chftpl. I.^ A Glance ai Ifts Hislon, of Faptr-maUng. Chpipt. IL 

ThBlVorkortbfpHpiT-jnVclilnojF^lBhiDg, Chaiil. IV, JWinVoc"^" o/fop^ 
from llu Vat. m-ij HaiHi— Msnufaclure of Pupcr by hand ; Sizing ; FlnltUli 

pariaon between Msohioe and Hiinrt-n.iicle PnpcTa ; ClHaaiflcHtitTn "f P«pe 
ChHul.V. Furiher Rrmarla on BUlTig— Of thp SiilnR-ronni i MeHiofl or E 
ImoliaB GnlBtine j Opomtlon of Siilng ; Drying attsr Slilng : fhe Dull 

Appendil upon Slilng; Theoriw D( Sizing ; Slilneln"— "-'- - " " 

method DfsizUigiD the Pulp: Compsrlson of tbe Twi 
DiffertiU SVJMfnnrn SiMeOe for KBking ft 
Chsut. vn. Chtmlcai Analytii of Mtie 
TheW»l«n>i AlkallDiBtrioar''^'- "'—■ 



tterijiit einvtojied in Paper-Tituldno — 
limiUonof Llmpi; Chiorotnelrie 
Chlornnietrie " 



Building (^Geni 
DEacBirrioH 



. .^ingai 

! General Work! 

ihllshineiit or H P 



rjn 



App«riitua Tor SleicWgandDriAaini the Pulp ; P»par-nii 
Ing-msahlnDa : General Working Slocii of a Piper-ulll; G 

— -—-?-----' -• - — ■■■ - General Heinarkb .u i,.-,v,vmv= «, 

iiipl. IX. rht Maavfaat-rr of Popir 
X. Mawtfactwt of BoatA*. CLapC, 



wiSasinre of Popfr (n China, ond Jo 



Regnault. Elements of Chemistry. 

By M, T. Itegnanlt. Translated from the French, by T. 
Forrest Betton, M, D., and edited, with notes, by Jaiiics 0. 
Booth, Melter and Refiner U. 8. Mint, and Wm. D. Faher, 
, Metallnrgiat and Mining Engineer. lOustrftted by nearly 
700 wood engravings. Comprising nearly 1,50(1 pages. In 
two volumes, 8vo., cloth $10 00 

AHOtia THE CoHTENTa AHC— VoluiDe I. T FrCDCh and Englleh WelchiB, eta. 
InUoduoUon — CryBtAllagrsuhr: Chemloal Nomenclature; Metallolde ; Oiy- 
ren : Hydrogen ; Selaulmn : Tdlurtum ; Chlottae ; Bron 
Phosphoruij Arienlo i Boren-, Sllieumi Carbon; ■ 
Metallolda. ilfdaii— Geology : Physical Properllei ol 
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Didymlum' "oemio 


I A"^hepen^^i>n ft 




ions of GlBSB 1 Po 


tterr, the Pusle oC wh 



•jxiitig B'^iia—Gua- 

Duiuiujj , ritiiKiy, LUG f nBue uL nhlah remainH Foroui ftltej BurniDg ; 0> 

Volume II. : PrepnialiDn of Orei, MBngineee, Iton ; Reductlan in til* 
BUBtfunuiDe; CbrDmium; Cobalt; Niokei; Zloc; Cadmium; Tlo; Tila- 

BBmuth, WeUllurgy of; Anflmony, Metallurgy of; 'Drftniumi Tungslen; 
Malybdenum : Vnniidlum [Copper, Metallurgy of; MercuTT, EdotsllurKFoC- 
SUver^MMiIlu^-oI; Gold,.M<,tallu.sr_9f , Viatinum, Osmium.; lA«n 



T, Mptillum-dl; Gold, MotalluiCT 



^IB AnalyBi 



ass 



. Oroanic CSnnW™— Int 
-; Coub'---' ' - 



Hai 



■Inuiples 

oIiil'oi°B "pfoduo t^of'cirT Ws'tni'iitlon ; FoIb ; 'cTrBsnlo'coSorlDB Mat^ 

: ExcretloDB ; Techulcnl OrEanio ChemlBlry ; Maaufanture of Bread ; 

Ingi'ManufiiBtureof BonaBlaok; Soip-holling ; pVlncluleii of Dyelngj 
Inaiti C&Uio-prlnUDg: TaoslDgi ChaiiiJUt Wood (ud Coal ; ManuCuH 
Bure of Illumliuttag GaB. 

Sellers. The Color Mixer: 

Oontainin? nearly Four Hundred Eeceipta Tor Colors, Pastes, 
Acidg, Pvupa, Blue Viits, Liquors, etc., etc., for Cotl.on and 
Wuollon Goods : including the celebrated Barrow Delaino 
Culurs. By John Sellers, an expprieaeed practical work- 
man. In one volume, 1 2mo $2.50 

Shunk. A Practical Treatise on Railway 
Curves and Location, for Young Engi- 
neers. 

By U'm. F. Shunk, Civil Rnsineer. 12nio 81.50 

Smith. The Dyer's Instructor; 

Comprifiing Practiual InBtrnclions in the Artof Dyeinfr Silk, 
Cotton, Wool and Worated, and Woollen Goods : containing 
nearly 800 Receipta. To which is added a Treatise on tne 
Art of Padding; and the Priming of Silk Warps, Skeins, 
and Handkerchiefs, and the varions Mordants and Colors for. 
the different styles of such work. By David Smith, Pattern 

Dyer. 12mo., cloth $3.00 

t^ Thii iB by far the moBt valuable book of Phactioal REccim fob 

BvEiu ever publlBhed In this ooudtry-hai been emlnenllr popular, aud tba 

third edition 1b juBt now ready for lleUvary. 

Strength and other Properties of Metals. 

BeportB of Experiiuonta oa the Strength and other Pro- 

Serties of Metals for Cannon, With a Description of the 
[acliines for testing Metals, and of tlie Olasai&cation of 



Oaiinon in aervk'e. 


By Offic 


V. H. Ariuy. By 




initi'il by :J5 large 


tod plalc 



PHAOTIDAL AWD flCIENTIPIO BOO«B, 



9 of tilt Ordiiancp Heparlmeni 

Iho Secremry of War. lllns- 

In 1 vol., quartu $10.00 



Tab es Showing the Weight of Round, 
Square, and Flat Bar Iron, Steel, etc., 

By MeBSuremenl. Clutli 63 

Taylor. Statistics of Coal : 

tiiciuciirig Miueral Bitiimiuoua Substances employed in Arts 
and M anufau tares ; wilh their Geographical, Ueolo^ical, and 
Commercial Diatributlun and nmount of Production and 
Oouaiimptioii on the American Continent. With Incidental 
Slalistics of the Iron Manufactnre. By R. 0. Taylor. Second 
edition, reviHed by S. S. Ilalderaan. liluetriited by five Maps 
and many Wood eiigraviiiga. 8vo. cloth $fi.00 

Templeton. The Practical Ezaminator on . 
Steam and the Steam-engine : 

tVilh InstructiTe Relerentes relative thereto, arranged for 
the use of Engineers, ytudcnla, and others. By Wm. Tem- 
pleton, Engineer. l2]uo $1.25 

Thla wnrk was origlnillly wrttlpn for ths aulhrir-s nrivnle iiw. He WH 

Its publlM (Ion, from their fii 
(qualij' uaetiil t ■ ■ 

Tumbull. The Electro-Magnetic Telegraph : 

With an HiBtorioal Aceouat of its liiee, Progress, and Pre- 
sent Condition. Also, Practical SugMBtions in regard to 
Insulation and Prot.eution from the ECTectB of Lightning. 
Together with an Appendix, containing several important 
Telegraphic Devices and Laws. By Lawrence Turnbnll, 
M. D., Lecturer on Techiiieal Chemistry at the Franklin In- 
Btitnte. Second edition. Revised and improved, lllnstrated 
. by numerous engravings. 8vo $2.60 

Turner's (The) Cora,panion: 

Containing Instruction in Concentric, Kiliptio, and Eccentric 
Tnniing ; also, various Steel Plates of Chucks, Tools, and 
Instruments ; and Directions for Using the Eccentric Cntter, 
Drill. Vertical Cutter and Rest ; with Patterns and Instmc- 
tions fur working them. 12mo., clolh $1.50 

Ulrich. Dussauce. A Complete Treatise on 
the Art of Dyeing Cotton and Wool, 

As practiced in Paris, Konen, Mulliausen, and CennuiT. 
a the French of M. Louis Ulrich. a Practical Dyer in 
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the principal llauiiriictupii*? of Puris, Roni'ii. Mulliunfen.. 
for Dyeins' Wool, ns pra 



Watson. Modem Practice of American Ma- 
chinists and Engineers : 

Including Ihe Construction, Appliciilion tind Use n! Drills, 
Lathe Tools, Cutters I'or Boruig CylinderB anil Holiiiir 
Ware generally, .with the moat economical spetid I'or the 
BamB i the results verified by Actual Practice at tlie l.nl.ha, 
the Vice, and on the Floor. Tof;elher with Workshop 
Management, Economy of Mannfactures, the ti team-engine, 
Boilers, Gears, Belting, etc., etc. By Egbert P. Watson, 
lute editor of the "Hcienllfic Amt'rican." Illustraled with 
Eighty-six Bngravinga. In L Tolnme, 12iao $2.50 



1.— The Drill and its Office. 

2.— Lathe Work. 

3. — Miscellaneous Tools and Processes, 
Pari 4. — Steam and Steam-engine. 
Part 5. — Gears. Belting, and Miscellaneous 
Information. 



atson. The Theory and Practice of the 
Art of Weaving by Hand and Power : 

Willi Calculalions and Tables for the use jjf those connected 
with the Trade. By Jolui VVataon, Mimufacturer and Prac- 
tical Machine Maker. Illustrated by large drawings of tha 
best Power-Looma. 8vo ga.OO 

Weatherly. Treatise on the Art of Boiling 
Sugar, Crystallizing, Lozenge-making, Com' 
fits. Gum Goods, 

And other proeessea for Confcctionci^, etc., in nhich are 
explained, in an easy and familiar manner, llie vnvioua 
methods ot manufacturing every description of raw and 
Tuliiied Sugar goods, aa sold by (Confectioners and others. 
12mo $2M 

Williams. On Heat and Steam : 

Embracing New Views of Vaporization. Conden.'nlion. and 
Expansion. By Charles Wye Williams, author of s Treatise 
on the Curabuslion of Coal Chemically and Prnetirally 
Considered. With Illustrations. 8vo $;(.50 
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Bullock. The American Cottage Builder: 

A beries of Designs. Plans, ami H pec iflcu.1 ions, frnm S200 to 
82(l,l)f)0. for Homes for Ihe People ; logelher wiUi Warming, i 
Ventilation. Draioag'e, Paintiiig, and Landacafie Oardeniug. j 
By John Bullock. Arthiteut. Civil Engineer, Mcctianician, 1 
and Eilitor of " The Rmlimenta of Architecture and Baild- ■ 
ing." etc., etc. Illustrated by 75 engravings. lu oat ' 
* 8vo 33.50 

CuHTENTi.— Chiip. I.— anfrBOv—Where ta Bultd n Cattue; Bird Cot' 
tBgei OH|«ia DMlred. II,— 7»* Kortout Part.— Walls; Coh W^IH j Mufl 
Wnlli: anvorloska' Hollow Wiitlg; Dewnes' Hollow Brick Wxlli Lou- 
don's Hollow Brlolc WMlii Flint Built Wnlli; Wnlli of Frumeil Tlmbet, 
Rubbla, snrt PlMter; WaiH of Hillow Brtolm ; Coveringfor Exlen h1 Wnlls i 



«9li Floors 
f-proof Floor ; Tile-triDHoer ; 



Aaiih>ilte; Floaror Hollow Pots i T 

In Moftdti Fire-proof Floor ; Tile^ , . . 



_aves-gil ri __ mney^B, «„ , en_ s on «n_^^^ii™ ^.^^^ 



Fuiga Sallaat. W.—FraiTit CMflm— Colt 
Bectlani S^lde View; Mnaner of LhvIdj 






._71K Fant OsS'ise— Groi 



,. - -- , VIIL 

'■ullage of Ihr SocielvJor Improtiillg llM ClHWf flWn of IM 
Id Vntl/srlim— Ventllnllon. XI.— //Add CVtlsn— 
BiisK wont. All.— Hura/tWlM— BnBamrotPJi.n:Pl«nnfthBF1rit 
Finn 01 the Second Flooi. Xlll— Ortnnim (M'bw— Pli 
Plin of PrtoolDM story. XIV— Dmioam. XV.— RutbJ 
noes to he tsken info uonihlemtlon In t.lB Cholae of > 
on ; The chuncter of the SiirfHae on which to Build ; t 
»oll ; W^tBf 1 VlllFi I Rural Homo, No. 1 1 Viaws of a Snh 
n the EnEliBbatyle; Rur&l Home. No. 3: RufaI Kome, 1 
No. 1. XVI.— Piinf unit Color. S.^n.—Suliwban Balder 
nn Cottnig of O. Preicott, Esq , Troj-, N. V. ; BiueineDl ; t'lrsl Floor ) 

<nu— First steps in Forniine t LAndscnne Garden i The Ronda HUd 
■frees, Shrubi, iinil Pluntinft : Hills nnd Mounds ; VsllefS und Low 

Is ; Ronh.work ; Of Wnlar, nml Its Arpronrlitlon or Adoption ; Foun- 
OBueril ObBervBtlonH i ForniHi Osrd.'ninj; Pier 
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Smeaton. Builder's Pocket Companion: 

Oonlaining the Eiemt'nts of Buildini,', Snrveyiii^', and Archi- ! 
tpctvire; with Praetifiil Rules and InstruuUons eonpectei' 
with the subject. By A. 0. Smeaton, CivU Engineei', etc 

In one volmne, 12rao $1.2i 

doHTESTS.- The Builder. Cnrpenter. Joiner, Msaoo, Plasterer, Plnnilier, 
lb, PriDtlosJ Geometry, Surveyor, Cohesivo Btrcaglh ol ~ 



FUBXiISHBD SY HBNB7 OABBY BAIBt\ 

A New Guide to tHe Sheat-iron anl Boiler 
Plate Roller: 

Ci>iii:iLni»fr II ;riTii?3 of Tables showing the weight of SI aba and 






— Weight ol smbgl 
:Iiil Moasure, from 
liiaB, and Croppinjl 



B Boiler Pliites (Bolt 



loB« 



BOS.aLlDwiOB 



Thlckneng, f 

rCrrorak Inoh to I In. 

,ui min.iii^, jku B,-vuM ^'ropplag). Weight of 

teailromileattallSiteet, Suptracl*! Meaiure, fro 
leai, Hllowing for Heating, Raliing. aad Cropplog i 
- "-iler Plnte* llnm ID IwC to iS [eet, Suiieraiti~L iuvducc, 

im 3 feel to 91^ feet. SuperS- 



ZIZ 



Pllps to iproiluce floilor 

from ij lach Id 1 Incli In Tblolii 
IjtdE). Welghtnf PlIeHloprfiduee Gbeet Iron(&i 
elarMeHiure. fi^om A Wire Guuge to 14 Wire Gi 
Rolling, nnil Cropping). Weight orpilci Couroilui 
13 Uxt. SuperHolil Meaiure, from 4 Wire Gunge 



Set, 9npBrilcl,fiieK»n«, from 1 
, aQowLng for Henting, kolllng 



iluue Sheet iron (( 



to 30 w'lte 



I 



Slieets, 



lonlbe WlnsGau 
Weight per Sheet. 

B '"3f ''VKil''''°( 



for Heating, Rolling, nod Cropping). Tntlle 
Bar Gauge In Deolniala. Table showing the 
ukneai on the Bar or Wire G-mge of the Pritf- 
: Bbowtng thp Weight iier Foot, and the Thlok- 
? Fractional Psrti of an Inch. 'raWe ahowing 
! Thlekneaa on the Wire Gauge of Sheet Iroa 
^m* shNtB to 7D Sheets, to iveigh 113 pounds 
lie Weight per Sheet, and the Thickness on the 
feet long by 2 feet wide, from 3 Sheets to 3« 
per Bundle. Table showing the Weight per 
he Wire Gauge of Sheet Iron t feet long by 9 

- --'" "- Thickness on the Wire Gkuge of 



dio."''fab'ie showing the ilei^hi 

showing the ti eight per Sh«t,and the Thickness on the IVlre Gauge of Sheet 
Iron 6 feel long by 9X fcst wide, from I Sheet to 18 Sheets, to w»lgh 111 
pounds iKsr bundle. Table shoiring the Weight per Sheet, and (he Thlckaesa 
on the Wire Gauge of Sheet Iron 6 feet long by a feet wide, from I Sheet to 
10 sheela. to weigh 112 pounds per Bundle, Talile showing the weight per 
Sheet, Hnd the ThlokneBS on the Wire Gauge nf Sheet Iron 6 feet long In- 2 
leet wide, from 1 Sheet to IB Sheets, to weigh 113 pounds per Bundle, Table 
BhDwiiig Ihe Weight per Sheet, and the Thickness on the Wire GHUge of 



weigh 
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Rural Cheinistry; 



Krdca nod CompoBltioa ; Oxygen and Nitrog*B; Comtuellon, result a ol 
Ribitatlno ; Carboolc Aald Gib ; Wnter, Ice, uid Steam ; £lf^tB of Froat ; 
Latent HDKt; CflmpoiltloDof Wiiter; HrdroEen. Ctanpt. 11.— CHrboo, lU - 

nmduceitW Reaplntlon, CumbUBtlOD, Fcrmentatjoa, eto. ; Hnturp af Aoldi 
and Silts: tsTbonIs Oxide; Carbuietted Hydrogsn, Fire Damp Coal Gaa ; 
CampaUDda all iletinlte; Camblnliii WetKllat NitrDgen cDmblDed with 
Hydrogen fnrma Ammonia: Carbonate, Bulpbate. Hnriate, and Phoiiibata 
of Ammonia; Nitric Aold: Nitrates; Bnlpbur. Snlpburoua Aaid ; Sulpbutle 
Aeld, Sulphate) ; Sulpburefted Hydrweu; Chlorlnf, Murlntlc Aoid ; lodln& 
Btomine ; FhoBphmus, Fhoaphoilo Add. Chapt. lit.— Metali ; Baaea; Alka- 
lies; Pnlaah, We Fropertlea; Carbonate and Nitrate or Polaab, GunimwrtBr; 
Suda. Commnn Salt, Snlphate, CHcboDitle and Nitrate at Soda ; The Alkaline 

phateof Lime; Magueaia, Its Car1>onate, Sulubate, r^Iuiiate, And Pboapbate. 
Chapt. tV.— I'be EnrthB, Alumina, Ita Fropertlee ; Alum i SilUlo, or Slltcio 
Aoldi Sllloatea of Potaali and Sod" i GUeb ; Silicates In the Soil, la Plants ; 
The Metala. their Oxtdei and Saltji ; Iron, ita Dxidea ; Buattag of Iran ; 
Pyrltea; Sulphata of Iran, or Green Vitriol; Gold; Sllirerj Mercury { 
Oopperi Sulphate of Copper, or Blue Vltrtuj; Zinc; Tin; Manganege: 
Lend ; Mettle Allova. clinpt. v.— Orvanto Matter ; VsEetable Subsiancea : 
Llealn/orWoady Abrei Starsh. Vartetlea of Starch ; Gum, Soluble and 
Inaolublei Sugar, Cane and Grape, Ita manufaotuie ; Gluten, Albumen, 
LeEUmlnp, FIMn, Gltndlne; Ch^mkal TraneformationB ; Formation ol 
Gum, SuKMr, etc. ; Fefi.ieiilillio.i ; Liii'lic Aclil ; Mrinufaeture of Wine i AI- 

Ai-p'i.' ■ ■■ ' ■ "■..."■ ■ \>sefihlB Adda; titrto, 

Tnrl I,.' viilatUe, Manufacture 

of .-I !.rs, Dyeing; Inoraoolo 

Con,. I,; h-lbriui CaBBlna, Bllllt, 

Buil.L .■- I. Ii.r; Fnt; bone; Protein] 

Food u> A Hi run I a ( RpH]iuilluri ; i.jr,'iilritin:i .il llif Ulood j Digestion; For- 

Chapl. Vll.— TlJe Food o? Pianist Su^atan pes Uerive'd from the Air ; Souroaj 
of Oxygpn, Hyilrogen, Nltroeen, gud Carbon; Subsiancea Dorlvefl tnai 
Iha Soil; Sources or Earihy SuUstancea; CoinifflsltiDn of SoilB, their For- 
mation; Decani poBilloD oF Silicates; Machnnioal structure ol Soils; Tha 
Saline ConBtltuents of Sgils ; Orgonle Mattera In Soils, Humna, Humia Aeid, 

Light; OKce of the Leaves; Roots; FormatlDn of Organlo 
-— fe'mit. Seeds; Organic and Orgaolied Matter; VllaUty 
of Seeds; Earthy Substancea In Plants; ESbots at 
Climate; AnMon of Planta on the Air, Chapt. VIII.— Deterioration of 
SoUa, Ita Cause; Modes of Maintaining the Fertility of the Soil; Theorv 
of Fallowing; Rotation ofCropa; Subsoil Ploughing ; Draining-. MannrB! 
Organic Msnure; Animal Manure, cental ss Mltrogeu ; Renulta otPutrefao- 
Hon; Sulphuretted Hydrogen: Losa of Uanure; Liquid Manure: Animal 
Exeramenta, Guano ; Modea of Fixing Ammonia, by Acids, hj Gypeum. ete. ; 
Strong Manures ; Wool, Rags, Oil : Bones ; Supor-phoaphate of Lime ; Ve^ 
otable Manures ( Sawdual, Seaweed ; Green Manures ; Irrigation ; Inorgania 
Manures; Lime, Chalk, Marl, Shell Sand; Gypeum ; Phoaphate of Lime; 
Ashes; Burnt Clay : Soot, CharDoal ; Gu Liquor; Fotsah ; Alkaline Salts; 
Nllratea. Common Salt; Salt and Lime, Chapt, IX.— Compoaltlan of Par- 
ticular Crops; Composition of Wheat; Barley; Osts; Rye: Mnlsc; RloB; 
Buckwheat; Linseed: Hempaeed : Oil-seeds; Besns; Peas; Lentils; 
Volohea; Potaloea: Datatss: Jerusalem Artichoke; Oxnlla ; CsbbaKB; 
Turnips; Mangel- Wunel ; Carrot; ParBnip; Clover; Lucern; Salntfiiiiij 
Compoeltlon olPartieulal HaoureB ; Qiws< Urine: Horae-dung; PIga' dung; 
Nlghl-aoil; Orlne: Bones of Oxen; Cowa ; Horaea;Plga; Farinyard-dant: 
^ .>7.... —1.... Lixiviated Aahea ; Peat Ashes; Kelp. Indei, 



; Flowers, >ra 



